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EXECUTIVE SUMMARY 

The purpose of tlvs Nuclear Safety Techntcal Report (NSTR) is to document the hazard 
identification, hazard evaluation, accident analysis, and control selecbon process associated wth 
the Safety Analysis m support of the Bmldmg991 Complex Flnal Safety Analysis Report 
(FSAR) The pnmary mssions of the Bmldmg 991 Complex are (1) to receive, stage, and s h p  
TypeB shlppmg contamers contauung Special Nuclear Matenal (SNM), and (2)to receive, 
store, and shp  Pipe Overpack Contamers (POCs), trans-c (TRU) waste contamers, and 
low-level waste (LLW) contamers The nsks associated wth these actwbes are evaluated m tlvs 
report 

The Bmldmg 991 Complex was previously classified 8s a moderate hazard facility per 
DOE Order 5481 lB, Safety Anai'yszs and Revzew &stern, and a nonreactor nuclear facility per 
DOE Order 5480 5, Safety of Nuclear Faczlztzes Based upon the mventory of radionuclides 
present d m g  the accomplishment of the new mssion of the Bulldmg 991 Complex, the 
complex is now classified as a Hazard Category2 nuclear facility m accordance wth the I 
inventory thresholds defined m Attachment 1 of DOE-STD-1027-92, Hazard Characterization 
and Accident Analyszs Techniques for Complzance wzth DOE Order 5480 23, Nuclear Safety 
Analysis Reports 

An acbvity-based hazards idenbfication and evaluabon of the Bddmg 991 Complex was 
performed to identify, evaluate, and control hazards associated With SNM and waste contamer 
receipt, storage or stagmg, transfer and sluppmg operabons The hazard identdicabon process 
idenbfied 44 hazards or energy sources in the Burldmg 991 Complex Of these, 22 hazards or 
energy sources were determmed to be standard mdustrral hazards that were to be controlled by 
the Site Safety Management Programs (SMPs) and &d not require M e r  evaluation For the 
remamng 22 hazarddenergy sources, the hazard evaluabon process d e t e m e d  how each of the 
hazards or energy sources could lead to a release of hazardous matenal The process idenbfied 
37 general accident scenanos leading to releases due to farlures of radioactwe matenal 
contamers These 37 general accident scenanos could be grouped into seven accident scenarro 
categones The seven postulated accident categones mtially considered for evaluabon were 
(1) matenal fires ( z  e , pyrophonc matenal fires), (2) facility fires, (3) spills, (4) punctures, 
(5 )  container explosions ( I  e , mternal hydrogen explosions), (6) facility explosions, and 
(7) cnticality events 

Each of the 37general accident scenanos were evaluated for each of the identified 
radioactive matenal containers (I e , SNM Type B shppmg conkuners, POCs, TRU waste 
containers, metal LLW containers, and wooden LLW crates) under each of the general activities 
to be performed m the complex using a hazard evaluabon process consistent w~th that defined in 
DOE-STD-3009-94, Preparation Guide for U S  Department of Energy Non-reactor Nuclear 
Facility Safety Analysis Reports The general activities assessed were charactenzation, 
treatment, and disposition of excess chemicals, construction, waste generation (e g , drum 
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crushng operations, filter change-out), mmtenance, receipt, stagmg, and shipment of SNM, 
receipt, storage, transfer, and slupment of waste, routme acbwbes (e g , utility operabons, tenant 
activibes), and surveillance Thls more detruled hazard evaluation process evaluated 
1,480 acbwty / contamer / s c e m o  combinations These 1,480 combmbons were reduced 
down to 164 credible scenano combmabons m the hazard evaluabon process These 
164 credible scenanos were exarmned in the detemnabon of bounding accident scenanos to be 
carned forward into the accident analysis process 

Twelve accident scemos were defined in the boundmg scenano determmabon process I I 

wth subsequent area-specific considerations (I e ,  boundmg scenanos were examined for further 
distmcbon related to locahon of the scenano 111 the Buildmg 991 Complex) The scenar~os were 
analyzed to d e t e m e  frequency of imbatmg events (mcludmg mtemal, natural phenomena, and 
external events), the d o a c b v e  matenal releases for scenanos, the consequences of the releases, 
and the nsk to the pubhc (as represented by maxunally exposed off-site mdiwdual (MOI), the 
collocated worker at or beyond 100 meters (CW), and the immdate worker (IW)) The 
postulated accident scenano nsk classes (as defined in DOE-STD-3011-94, Gurdance for 
Preparation of DOE 5480 22 (TSR) and DOE 5480 23 (SAR) Implementahon Plans) determrned 
from the analyses credted preventwe and mtigative features currently present m the 
Bmldmg 991 Complex 

Postulated accident s cemos  found to be h s k  Class1 (major nsk) or hsk Class11 
(senous nsk) were M e r  exarmned to d e t e m e  if any prevenbve or mhgatwe features exlst 
whlch, If unplemented, could reduce the scenano nsk to R s k  Class 111 (marginal nsk) or ksk 
Class N (neglig.lble risk) These features were noted for rnclusion m the control set defined by 
the T e c h d  Safety Requrements (TSRs) of the FSAR The nsk associated wth postulated 
accidents scemos found to be fisk Class 111 or b s k  Class N are low enough to not reqm 
further evaluabon 

As stated above, a total of twelve accident scemos ( m e  operat~onal accidents and 
natural phenomena accidents) were analyzed Of these twelve scenanos, seven scenano 
evaluabons hbally resulted m a h s k  Class I or fisk Class I1 to either the MOI, the CW, or the 
IW (the puncture scenano had =of its four evaluated cases result 111 a R s k  Class1 or I1 to I 
either the MOI, CW, or the IW) Of the accident scenanos evaluated, none resulted m a MOI 
radiological dose consequence exceedmg 5 rem (the highest MOI radiological dose was 2 6 rem) 
The hlghest CW radiological dose consequence was 350rem for an extremely unlzkely 
waste container explosion event 

The accident scenanos yielding fisk Class I or fisk Class I1 results are presented m the 
table below high nsk receptors shaded and shown in bold text) The mbal nsk detemnations 
are presented for each of the receptors as detemned dunng the accident analysis In some cases, 
the dominant accident scenanos were further mitigated bv crediting ventilation system high 
eficiencv oarticulate air (HEPA) filtration, as indicated in the table For other cases, a more 
realistic risk class determination for each high nsk receptor is presented wth an explanabon of 
the analysis conservatism that was removed 

Revision 2 
September 1999 



Based on the information in the table and after analysis conservabsm is removed, the 
highest nsk non-omrational accident scenano deals wth a Design Basis Earthquake @BE) 
yields a fisk Class I1 to the CW (unlzkeZy frequency, moderute consequences) &a k s k  Class 11 
to the IW (unlrkely fiequency, moderate consequences) The hlghest nsk omrational accident 
scenano lnvolves the puncture of two 55-gallon TRU drums l h s  scenano yields a fisk Class I1 
to the CW (unlzkely fkquency, moderate consequences) -A contamer explosion presents the 
final accident scenano that yielded hgh nsk to a receptor l h s  scenano resulted 111 a fisk 
Class I1 to the C W (extremely unlzkdy frequency, high consequences) 

I 
fisk Dommant Accident Scenano Results 

Rationale for the acceptability of  these results is presented ln a later sectlon of thls report 
The Safety Analysis that follows requires that certam preventive and mitigative controls be 
maintained These controls have been developed in Appendix A, Buzldzng 991 Complex 
Technzcal Safety Requzrements, of  the FSAR The TSRs include three Lmtmg Conditions for 
Operation (LC02) and mne Admimstrative Controls (ACs) ACs are specific adrmmstrative 
controls/limits ( z  e , the administrative equivalent o f  a hardware reqwrement) and are more 
precise and discrete than the program elements of  a SMP Specific program elements o f  SMPs 
that are relied on, as identified in the safety analysis, are specified m Chapter 3,  Safety 
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Management Programs, of the Building 991 Complex FSAR Operation of the Building 991 
Complex in conformance wlth the limits denved by thls Safety Analysis assures there wdl be no 
undue nsk to workers and the public 
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RMDC 
RQ Reportable Quantity 

Records Management and Document Control (SMP) 

SAR 
SARAH 
sc 
S&IH 
SMP 
SNM 
SNM 
SPILL 
ssc 
SURV 
SWB 

TPQ 
TQ 
TRAM 
TRANS 
TRU 
TRUPACT 
TSCA 
TSR 

Safety Analysis Report 
Safety Analysis and Risk Assessment Handbook 
System Category 
Safety and Industnal Hygiene (SMP) 
Safety Management Program 
Special Nuclear Material 
Receipt, Staging, and Shipment of Special Nuclear M a t e d  (activity) 
Spill (scenario type) 
Structure, System, and Component 
Surveillance (activity) 
Standard Waste Box 

Threshold Planning Quantity 
Threshold Quantity 
Trammg (SMP) 
Transportation (SMP) 
Transuranic 
Transuranic Package Transporter 
Toxic Substances Control Act 
Technical Safety Requvement 

U Unlikely [event frequency bin] 
UCL Upper Confidence Limit 
USQD Unreviewed Safety Question Determination 

WASTE 
WEMS 
WFC Waste Form Code 
WG Pu Weapons Grade Plutonium 
WORK Work Control (SMP) 

Receipt, Storage, Transfer, and Shipment of Waste (activity) 
Waste and Environmental Management System 

xJQ Chi-over-Q (atmospheric dispersion factor) 
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1. HAZARD AND ACCIDENT ANALYSIS INTRODUCTION 

Vanous hazards are currently present in the Budding 991 Complex and w111 be discussed 
in this chapter The most sigtllficant hazards wth potential to impact public nsk found in the 
Building 991 Complex are associated wth radioactive matenals in the form of Category I and I1 
Special Nuclear Matenals (SNM) and radioactive wastes The Category I and I1 SNM is only 
found in Department of Transportation (DOT) approved, Type B shppmg contamen, whch are 
received by Bluldmg 991 and staged m the facility in preparatron for off-site shpment The 
raloactive waste matenals are pmanly  stored m 55-gallon drums meetmg on-site shppmg 
specifications andor DOT specificahons, however, the facility may receive and store 
Transurmc Package Transporter11 (TRUPACTII) Standard Waste Boxes (SWBs) and 
DOT-7A, Type A Metal Waste Boxes The 55-gallon waste drums May be standard T r a n s m c  
(TRU) waste drums or Pipe Overpack Contamers (POCs) In additron, wooden Low-Level 
Waste (LLW) crates may be received and stored m the Budding 991 West Dock Canopy Area 

This Nuclear Safety Techcal  Report (NSTR) addresses the idenhficabon and the 
evaluation of the hazards associated wth the Bmlding 991 Complex pnmary rmssion 
movement and storage of hazardous radioactive matenaldwaste It evaluates the consequences 
of postulated accidents leadmg to radological andor toxicological (chemical) releases that may 
be caused by mtemal, external, and natural phenomena-related events The evaluated potential 
consequences and nsks (frequency tunes consequence) to workers, both -date and 
collocated, and the public, as represented by the maximum [exposed] off-site mdvidual (MOI), 
are presented Preventwe and/or mitigative features (structures, systems, and components 
(SSCs) or elements of admmstrahve programs) credited to reduce nsk by lowenng postulated 
accident frequencies and/or by reducmg receptor consequences have also been idenhfied so that 
an appropnate set of operational controls could be denved In addihon, Qscussions addressmg 
hazard identificatron, hazard evaluation, accident analysis methodology, nsk classification 
methodology, and final nuclear facility hazard classification are presented Appendx A of h s  
NSTR provides the supportmg calculations for the analyses that follow 
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2. REQUIREMENTS 

The standards, regulatlons, and DOE Orders reviewed ln support o f  the development o f  
the authorization basis for the Building 991 Complex are listed below Only porhons o f  the 
listed documents are relevant to the Final Safety Analysis Report (FSAR), namely, those that 
cover requlrements pertinent to FSAR preparation, hazard idenhficahon and evaluatlon, Safety 
Analysis, nsk classificahon, nuclear facility hazard classificahon, and operabonal controls A 
comprehensive listmg of standards and regulahons addressmg occupabond safety and 
environmental protechon is not provided 

Facility Safety, DOE Order 420 1 (Ref 1) 

l h s  Order addresses operational controls deallng wth Natural Phenomena Hazards 
Mihgation, Fm Protechon, General Design Cntena, and Cntrcality Safety 

Nuclear Safety Analysis Reports, DOE Order 5480 23 (Ref 2) 

Thrs Order specifies the requuement for FSAR preparahon for nuclear facilibes The 
Order also specifies that the FSAR should mclude identdicabon and evaluation o f  
both nuclear and non nuclear hazards 
Hazard Categoruation and Accident Analysis Techniques for Compliance with DOE 
Order 5480 23, Nuclear Safety Analysis Reports, DOE Standard 1027-92 (Ref 3) 

Thrs Standard addresses nuclear facility hazard classificahon by d e h g  threshold 
gram/ c m e  facility inventory limits for vmous donuclides corresponding to 
Hazard Category 2 and 3 nuclear facilibes. 

Gurdance for Preparation of DOE548022 (TSR) and DOE548023 (SAR) 
Implementation Plans, DOE Standard 301 1-94 (Ref 4) 

Th~s Standard addresses hazard identificatlon and evaluahon by provldmg gurdance 
on perfomng a Prelminary Hazards Analysis (PHA) The Standard also addresses 
risk classificahon by definmg candidate consequence evaluahon gwdelines and nsk 
categones for postulated accident scenanos 

Preparation Guide for U S  Department of Energy Nonreactor Nuclear Facility 
Safety Analysis Reports, DOE Standard 3009-94 (Ref 5) 

Th~s Standard addresses FSAR preparation by providmg gudance on the 
mplementahon of DOE Order548023 The Standard also addresses hazard 
idenhfication / evaluation and Safety Analysis by providmg gwdance on the analysis 
techques and level of detail 

Nuclear Safety Management Quality Assurance Requirements, Code of  Federal 
Regulations, 10 CFR 830, Department of  Energy, Washngton, D C ,1995 (Ref 6) 

This Code of Federal Regulation (CFR) subpart addresses operational controls by 
prescnbing quality assurance requirements that are generally applicable to DOE 
nuclear facilities 
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3. METHODOLOGY 

3.1 OVERVIEW OF THE HAZARDS AND ACCIDENT ANALYSIS PROCESS 

The Safety Analysis presented m h s  chapter uses a Preliminary Hazard Analysis (PHA) 
technique to identify and evaluate the hazards and postulated accident scenanos associated wth 
the Building 991 Complex Thrs techmque begins by identdjmg exlsting or potenhal hazards 
(e g , radioactive sources, radioactwe wastes, chemicals, or non-matenal hazards (e g , thermal 
energy sources, pressure sources, electncal energy sources)) in terms o f  quanbty, form, 
packaging, locabon, affected or affkctmg actwities, and recogwed preventwe andor nubgahve 
features (SSCs or elements o f  admilustratwe programs) associated wth the hazard 

Based on the mfomhon developed by the PHA and presented m the hazards descnphon 
table, detemabons are made on whether further evaluahon of  speclfic hazards are necessary 
In general, no further evaluabon is performed on those hazards (1) that could be charactenzed 
as Standard Industnal Hazards and (2) that have lmted unpact on postulated accident uubabon 
frequency, accident mtigabon, and accident consequences Industnal hazards that could only 
lead to occupabonal mjunes or illnesses are addressed by the Industnal Hygiene and Safety 
program, as discussed ln Chapter 3,  Safety Management Programs, of  the FSAR 

For those hazards d e t e m e d  to reqwe further evaluabon, a hazards evaluabon matnx is 
developed relatmg idenhfied Buldmg991 Complex actwbes mth correspondmg hazards 111 
order to denve postulated accident scenanos For each postulated accident scemo, the hazards 
evaluation matnx presents (1) scenano descnphve mformabon mcludmg the correspondmg 
activity and hazard leadmg to the scenano, (2) a categonzation o f  the accident type, and (3) a 
qualitative assessment o f  scenano fiequency, consequences, and nsk class assummg idenbfied, 
inherent preventwe and mhgabve features are in place Based on the informabon presented in 
the hazards evaluabon matnx, postulated accident scenanos of higher nsk are selected as 
candidate, bounding accident scenmos for further, dewled evaluahon Boundlng accident 
scenanos are identdied for each o f  those postulated accident scenanos that are not carned 
forward for further analysis Any mherent preventive and/or mbgative features associated wth 
the bounded scenanos that resulted in the scenatro bemg low nsk are assigned to the bounding 
scenanos in order to carry forward all credlted preventive and mtigative features 

In some cases, a bounding accident scenano qualitative frequency assessment may be 
further refined using event tree methodology displaymg accident progression and unpact of  
identified preventive andor mitigative features In all cases, the bounding accident scenano 
qualitative consequence assessment is refined using Site consequence evaluation tools 
Quantitative estimates of  scenano imtial [respuable] source terms (ISTs) are determined based 
on (1)  estimated damage ratios (DRs) associated wth the postulated accident scenmo, 
(2) bounding matenal-at-nsk (MAR) estimates associated wth analyzed actmties and expected 
radioactive or chemical containers, and (3) airborne respirable release fractions (ARRFs) taken 
from Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear 
Facilities, DOE-HDBK-30 10-94 (Ref 7), for radioactive matenal release scenanos Scenario 
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consequences are detemned using (1) the ISTs, (2) esumates o f  applicable, facility leakpath 
factors, (3) Site atrnosphenc dispersion values, (4) receptor breathmg rates, and (5) dose 
conversion factors for radioactive m a t e d  releases h s k  classifications o f  the bounding accident 
sGenanos are then determmed usmg a qualitative binmng methodology based on the refined 
accident fiequency and the newly determmed quantitative estunates o f  accident consequence 

In those cases where a bounding accident scenano is determmed to present a hgh nsk, 
evaluations are performed to identify any additional preventwe or mihgative features that could 
be used to lower the scenano nsk fisk domnant accident s c e m o s  (I e ,  scenanos presentmg 
the hghest nsk followmg the creditmg of  preventive and magatwe features) at the complebon 
of the Safety Analysis evaluahons are discussed in depth The adequacy of and vulnerability 
associated wth credited preventwe and magatwe features are presented for each nsk domlnant 
accident scenano 
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3.2 RISK CLASSIFICATION METHODOLOGY 

The nsks associated wth postulated accident scenanos idenhfied in the hazard evaluation 
tables or evaluated as boundmg accident scenanos, as discussed m the previous section, can be 
categonzed according to a combination of the scenano frequencies and consequences, as shown 
in Table 1 The categonzation bins accident scenano nsk into one o f  four nsk classes For the 
purpose of &Is document, nsks associated wth k s k  Class I accident scenanos are considered 
major, nsks associated wth k s k  Class I1 scenanos are serzous, Risk Class I11 accident scenano 
nsks are margznul, and h s k  ClassIV accident scenano nsks are considered neglzgzble In 
addihon, k s k  Class I and I1 accident scenanos are considered to be hzgh-nsk scenanos, and k s k  
Class I11 and IV scenanos are considered to be low-rzsk scenmos The nsk class associated wth 
each of the accident scenanos to be idenhfied and evaluated 111 the r e m d e r  of &Is report wll 
be determmed based on the Table 1 categonzabon scheme 

Table 1 Risk Classes - Frequency Versus Consequence 

CONSEQUENCE ANTICIPATED 

MODERATE 

I I I I 

As stated earlier, mherent preventwe and rmttgative features reqwred to be in place in 
order to mantam those h s k  Class111 and IV accident scenarios idenQfied m the hazard 
evaluation tables as low-nsk scenanos are carned forward wth corresponding boundmg accident 
scenanos Postulated accident scenanos identified m the hazard evaluation tables as R s k  Class I 
or I1 scenanos are evaluated further to detemne i f  any preventwe or rmbgative features emst, 
which i f  implemented, could reduce the scenano nsk to a k s k  Class I11 or IV category The 
collection of the credited preventive and mitigative features associated wth initial and bounding 
scenario evaluations are carned forward into the development of the control set in Appendix A, 
Building 991 Facility Technical Safety Requirements 

For those postulated accident scenanos that are evaluated to be h s k  Class1 or I1 
scenarios and for whch no preventive or mitigative features can be identified to reduce the 
scenano risk class, discussions related to the acceptability of the hgh-nsk scenmos will be 
provided to ensure that the DOE is cogruzant of facility nsks 
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The application of Table 1 requires frequency bm and consequence bm assignments 
Consequence bm assignments wll  be discussed in the followmg sub-sections Frequency bin 
assignments are in accordance wth DOE-STD-3011-94, I e ,  events more frequent than 
10 ’ per year are classified as anfzczpafed, those wth fkquencies between lo4 per year and 
10 ’ per year are classified as unZzkely, and those less frequent than lo4 per year are classified as 
extremely unlzkely These frequency bin terms and assignments are consistent wth 
DOE-STD-3009-94 qualitative likelihood classifications Low-ldcelrhood hgh-nsk scenanos are 
identified and discussed in those instances where the nsk potenbal of the postulated accident 
scenano is judged to be sigmficant relative to other crechble scenaflos Estunates o f  sceILLv1o 
frequency are generally qualitative but may be quanbtatwely defined, rn some cases, wth the use 
of event trees In cases where sufficient qualitative arguments for lower, accident scenano 
frequencies cannot be made, the scenano is classified as antzcpated 

3.2.1 Radiological Risk 

Mologica l  dose consequence evaluations are perfomed usmg the following equation 

Dose=MAR * DR * ARRF * LPF * x/Q * BR* DCFIPDC 

where MAR is the ra&oactwe matenal-at-nsk (in grams, vanes wth scenano), 
DR is the MAR damage ratio (vanes wth scenano), 
ARRF is the mborne respmble release fiacbon (vanes wth form of ra&oacbve 

LPF is the facility leakpath factor (mtdly set to 1 .O, vanes wth scenano), 
x/Q is the atmosphenc dispersion factor (m s/m3, vanes wth receptor and scenano), 
BR is the receptor breathmg rate (in m3/s, set for heavy actmty), 
DCF is the dologica l  matenal dose conversion factor (m redgram, vanes wth 

PDC is the plume duration correction factor (vanes wth scenano) 

matenal and scenano), 

matenal type), and 

The PDC value is used for accident scenanos with a durabon longer than 10 m u t e s  
(e g large fires) The PDC value is used to modify the atmosphenc dispersion value to correct 
for plume meander d u g  the scenano The formula used for dete-g plume meander for 
longer durabon releases is as follows 

PDC = (plume duration m minutes / tune base)” 

where the time base is 10 minutes, “n” has a value o f  0 2 if the plume durabon is less than or 
equal to 60 minutes, othertnse, “n” has a value of 0 25 

The atmosphenc dispersion factors (x/Q values) used in the radological dose 
consequence evaluations are based on the receptor (I e ,  distance from the point o f  release), the 
type of accident scenano (I e non-lofted plume or lofted plume), and modelmg assumptions 
(I e ,  use o f  conservative 95” percentile values or median (50* percentile) values) In most cases, 
the atmosphenc dispersion factors represent 95“ percentile x/Q values developed from an 
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analysis of actual Site weather data Two receptors are idenhfied for analysis (1) the public as 
represented by the maxlmum off-site indvidual (MOI) and (2) the collocated worker (CW) 

The shortest possible distance fiom the Building 991 Complex to a MOI located at the 
Site boundary was detemned to be 2,367meters using tables found in RFP-5098, Safety 
Analysis and Risk Assessment Handbook (SARAH) (Ref 8) and th~s distance is used m the 
determination of MOI x/Q values, m most cases, as part of hological  dose consequence 
evaluations As m the case o f  the CW, if the maximum x/Q value is reallzed at a &stance greater 
than 2,367 meters as a result o f  accident scenano modelmg assumpt~ons, the hgher x/Q value is 
used in the analysis For example, the mmmum, 95”’ percenhle x/Q value for the MOI for a 
lofted plume occurs at a &stance o f  4,020 meters since the plume is “lofted” over the person at 
the Site boundary, as Qscussed m RFP-4965, Reference Comptations of Public Dose and 
Cancer Riskfiom Airborne Releases of Uranium and Class W Plutonium (Ref 9) 

The CW &stance fiom the pomt o f  release, €or most cases, has been set at 100 meters to 
be consistent wth other Safety analyses at the Site (e g ,  the Safety Analysis Reports (SARs) for 
Building 906 and the 7501904 Pads (Ref 10 and Ref 11, respchvely)) Th~s approach departs 
fiom the distance of  600 meters, whch is suggested for use by DOE-STD-3011-94 (Ref 4) I f  
the m m u m  x/Q value is realized at a distance greater than 100 meters as a result of accident 
scenano modelmg assumphons, the hgher x/Q value is used m the analysis For example, the 
maximum, median x/Q value for the CW for a lofted plume occurs at a distance greater than 
100 meters smce the plume is “lofted” over the CW at 100 meters Thrs overall approach for 
analyvng CW hological  dose consequences is more conservahve than the DOE Standard 
approach and is appropnate for the followmg reasons (1)many CWs are closer to the 
Building 991 Complex than 600 meters due to the p r o m t y  o f  other Site facilihes and the 
compactness of the Site, (2) the m w u m  distance used in formulahons supportmg the Gaussian 
plume atmosphenc dispersion model is 100 meters, and (3) distances associated with evaluated 
maximum x/Q values occumng beyond 100 meters are encompassed by the Site boundary 

The term “mediate  worker” (IW) is used to descnbe the individual who could be 
located m close proxrrmty to the postulated accident scenano release location or who could be 
located W I ~  the Bmldmg 991 Complex For m e d i a t e  worker consequences, a qualitatwe 
judgment of acute radiological effects is made It does not mclude latent cancer effects, per the 
guidance provided in DOE-STD-3009-94 (Ref 5) Scenario related effects (e g ,  burns fiom 
fires, injunes from energetic events) are discussed in the accident scenano summmes but are not 
included in the determmation of  the scenano nsk class 

Radiological dose consequences corresponding to the High, Moderate, and Low 
consequence bins identified in Table 1 are defined by the companson cntena developed in 
DOE-STD-3011-94 and shown in Table 2 Radiological dose consequence bin thresholds for the 
MOI and CW are defined in terms of 50-year, Committed Effective Dose Eqwvalent (CEDE) 
radiological doses As stated above, radiological dose consequences for the IW are determined 
qualitatively, therefore, the radiological dose consequence bin thresholds for the IW are defined 
qualitatively 
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Table 2 Radiological Dose Consequence Bin Thresholds 

CONSEQUENCE 

HIGH 

MODERATE 

LOW 

MO5OOSE 
CONSEQUENCE BIN 

T€liZ.mEOrn 

dose > 5 rem 

0 1 rem 2 dose 

CW DOSE 

T " 0 L D  
CONSEQUENCE BIN IW CONSEQUENCE 

prompt death 

cmcaiibesl 
dose >25 rem junmitieatdmitigated 

25 rem 2 dose> 0 5 rem 

mitreated emlosionsl 
I 

05remrdose 

Table 2 also dimlays a set of aualitative widelmes for assessment of immechate worker 
conseauences Deviahons fiom these widelines mav occur for swific accident scenanos based 
on the amount of credit taken for rmbgative features Actual immediate worker consauence 
assessments take mto account the followng considerabons 

Timing of Radiological Release - Some accident scemos. like fires. can develoD 
auickly. but not so aukkly as to preclude evacuation as an effectwe nubgabon 
measure Other scenanos. like cnhcalities or exdosions. can entail significantly more 
ramd radiological emsure,  lessemng the imDact of evacuabon on conseauences 

Hazard Warrung: - The availabilitv of a reliable hazard wamfnp and the tmintz of the 
warninp relative to significant radiological exmsure may imDact immdate worker 
conseauences Warnmg may be Drovided by engineered systems (e P. fire alarms, 
warninp announcements on the Life Safetv/Disaster Warnmtz (LS/Dw) svstern) or by 
the event itself (e E. smoke from a fire. drum lid dmlacement) 

0 Scenano ImDact on Protective Action CaDabilitv - Accident scenanos involmnq 
energetic events, like emlosions. can cause damage to structures or iniurv to 
personnel The structural damape and/or Dersonnel i n i w  can impede m e d i a t e  
worker egress. thus. increasing Dotentral radiological conseauences 

0 ADproDriate Focus for Preventive or Mihnative Measures - The only effective 
measures to protect the immediate worker for some accident scenanos. like 
cnticalities. may be preventive However, other workers in the facilitv may be aided 
bv mitipative measures Consequences to the attending worker in such an instance 
may not be a useful test of the adequacy of DroDosed mitigative measures 
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Potential ExRosure Mamtude and Exmsure Pathwav - The seventy of radiological 
iniurv is a function of the magnitude of the accident scenano release and the pathways 
for t r a n ~ ~ ~ r t  to and absomtion by workers Inhalation is typically the dominant 
exmsure Dathway 

0 Conseauence Uncertamtv for the Immediate Worker - The radiological thresholds for 
promDt death and senous iniury vary among indiwduals and are stochastic effects In 
a auantitative immediate worker conseauence evaluabon. any defined rad~olonical 
thresholds would have to be compared to localized radiolonical doses that are difficult 
to calculate and are beyond the scow of h s  effort Thus, a qualitatwe evaluabon of 
immediate worker conseauences is mdemented and the methodologv emdovs 
conservatism When the aualitatwe evaluahon conservatsm is combined wth the 
effecbveness of mmsed controls. the actual m e d i a t e  worker motechon may be 
more effective than a auantitatwe rad~olonical threshold and evaluation would 
reaulre 

Radiologcal doses for the MOI and CW are calculated usmg the Radiologzcal Dose 
Template (Ref 12) 

3.2.2 Chemical And Other Hazardous Material Risk 

Toxlcological consequence evaluabons for postulated accident scenanos mvolvmg 
chemcals and other hazardous matenals are detennrned usmg a combmahon of qualitatwe and 
quanQtative evaluation techques as dmussed below The receptors identified for analysis are 
(1) the MOI, (2) the CW, and (3) the IW The defimbon and locahon of the receptors of mterest 
are the same as for the mhological consequence evaluabons &scussed m Sectron 3 2 1, 
Radiologzcal Risk 

Hazardous matenals can east throughout a facility and may be in vmous forms In 
support of the determinabon of hazardous matenal nsks, hazardous matenal mventones are 
defined m four general categones (1) hazardous matenals in waste, (2) process chemcals, 
(3) bulk or product chemicals, and (4) m situ hazardous matenals 

The hazardous matenals m waste category mcludes Resource Conservation and Recovery 
Act (RCRA) contamenzed wastes, TOXIC Substances Control Act (TSCA) contamenzed wastes, 
and non-RCRA / non-TSCA hazardous matenal contamenzed waste The contamers utilized for 
holding hazardous matenals include, rn part, 55-gallon drums, metal standard waste boxes, and 
wooden waste crates The hazardous matenals, in many cases, may be located in the same 
contamers as radioactive matenals Information regardmg contamenzed waste may be obtamed 
from the Site-wde Waste and Enwronmental Management System (WMS) database or 
equivalent facility databases These databases contam charactenzation informabon for each 
waste container including waste type, contamer type, Item Descnption Code (IDC) or Waste 
Form code (WFC) designation, assigned Environmental Protection Agency @PA) waste codes, 
and waste compatibility codes 
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The process chemicals category includes chemcals that have been introduced into 
processes that were suspended or never actwated or have been mtroduced into current operating 
processes Process 
chemicals, in some cases, may contam radioactwe matenals Informahon about process 
chemcals is generally determined by interviews wth facility personnel 

Any chemical holdup in soluhon piping is mcluded in thls category 

The product or bulk chemcal category includes chemcals that are planned for use and 
are currently bemg stored m the facility Bulk chemcals are not contammated wth d o a c t i v e  
matenals Idormaaon about bulk chemicals may be obtamed fiom the Site-wde Integrated 
Chemcal Management System (ICMS) database or equvalent facility databases 

The m situ hazardous matenals category mcludes hazardous matenals that exlst in the 
facility as part o f  structure (e g , lead-base p a t s  located on walls and floors, asbestos contsllnmg 
ceiling panels, floor hles, or walls, polychlomated-biphenyl (PCB) contamng equipment llke 
fluorescent lightmg or transformers). In general, m situ hazardous matenals are fixed m place 
and, 111 some cases, may be contammated wth radioactwe materials 

Hazardous chemcals and other matenals 111 the facility that are identdied as bemg 111 one 
of the four hazardous matenal categones are screened ag& (1) the Threshold P l m n g  
Quantity (TPQ) values listed m List of Regulated Substances and Thresholds for Accidental 
Release Prevention, 40 CFR 355 (Ref 13), (2) the Threshold Q w h t y  (TQ) values listed iri 
Process Safety Management (PSW of Highly Hazardous Chemicals, 29 CFR 191 0 1 19, 
(Ref 14) and Risk Management Programs for Chemical Accidental Release Prevention, 
40 CFR 68, (Ref 15), and (3) the Reportable Quant~ty (RQ) values listed m List of Hazardous 
Substances and Reportable Quantifies, 40 CFR 302 (Ref 16) Hazardous matenals of mterest 
that may be found on the Site are listed m Appenduc D of the SARAH (Ref 8) along wth TPQ, 
TQ, and RQ values If the quanhty of  the hazardous matenal m the facility is below TPQ, TQ, 
and RQ values, the matenal does not reque  further evaluahon 

For hazardous matenals that do not have TPQ or TQ values but have RQ values and the 
quanbty of material m the facility exceeds the RQ value, qualitatwe arguments dealing wth 
dispersibility and prograrnmabc controls associated wth the hazard are used to complete the 
hazard evaluahon These types of hazardous matenals, in general, only pose threats to the IW 
and/or the environment and not to the CW or the public 

For hazardous matenals wth facility quantihes m excess o f  specified TPQ or TQ values, 
a quantitative evaluation o f  accidental releases of the matenal is performed Determmations are 
made of  chemical concentrations at the CW and MOI receptor locations using Site-accepted 
chemical dispersion modeling tools as identified in the SARAH (Ref 8) 

For immediate worker consequences, a qualitative judgment of acute toxlcological effects 
is made Scenano related effects (e g , burns fiom fires, mjunes from energetic events) are 
discussed in the accident scenano summanes but are not mcluded in the determination of  the 
scenano nsk class 
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Toxlcological consequences corresponding to the High, Moderate, and Low consequence 
bins identified in Table 1 are defined by the compmson cntena developed in 
DOE-STD-3011-94 and shown in Table 3 Toxicological consequence bin thresholds for the 
MOI and CW are defined m terms of Emergency Response Planning Guideline (ERPG) values, 
published by the Amencan Industnal Hygiene Associabon (Ref 17) These gudelines mclude a 
set of  three numbers (ERPG- 1, ERPG-2, and ERPG-3) that qua&& the i r  concentrations for each 
chemcal, corresponding to low, moderate, and severe health effects m humans exposed to the 
chemcal concentrabon for up to one hour The “up to one hour” guidelme m the defimbon of 
ERPGs is mterpreted to mean “peak 15-minute average” by the Energy Facility Contractors Group 
(EFCOG) Non-radiological Hazardous Matenals Safety Analysis Subgroup ContxntratIons of the 
vanous chemcals are calculated at the receptor IocatIons and compared to the assigned ERPG 
values (or alternatwe values) rn order to determine a consequence bm assignment m accordance 
wth Table 3 The Toxic Chemical Hazard Classijication and Risk Acceptance Guidelines for Use 
in DOE Facilities (Ref 18) &scusses alternative standards for cases wheR no ERPG value has 
been assigned As stated above, toxlcological consequences for the IW are deterrmned 
qualitatwely, therefore, the toxlcological consequence bm thresholds for the IW are defined 
qualitabvel y 

MODERATE 

LOW 

I Table 3 Chemical Toxlcological Consequence Bin Thresholds 

not applicable not applicable senous mj~ry 

concentrabon S EWG-2 concentration S ERPG-3 < MODERATE 

I 

I concentrabon > ERPG-2 concentrabon > ERPG-3 I promptdeath I I I HIGH 
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- 4. HAZARD ANALYSIS 

aAzAaD 

1 Highvoltage 

4.1 HAZARD IDENTIFICATION AND DESCRIPTION 

Q* 
* =  1c a HAWRDPlCFiMTiON mmo 

Electncal systems or components that have voltages greater than 600 V, including AC 
electnc power distnbution systems from Site power 

Yes 

This section identifies the radioactive matenals and other hazardous matenals present in 
the Buildmg 991 Complex as well as identifying hazards and energy sources that may contnbute 
to a rahological or toxicological release ht ia l  hazard identificabon for the complex was 
accomplished by reviewmg radiological and other hazardous matenal mventones currently m the 
facilibes, by interviewmg facility personnel for adhbonal hazardous matenals that may be 
present dunng the conduct o f  Butldmg 991 Complex acbwtres, and by perfonrung facility 
walkdown mpections 

2 Explosive Substances 

3 Direct Radiation 
Sources 

A standardized general hazard checklist presented m the SARAH was used d m g  the 
walkdown to identrfy the general hazard categones present m the Bmldmg 991 Complex The 
SARAH descnbes the checkhst and its apphcatron. The hazards specific to the Butldmg 991 
Complex are identified m the general hazard checklist shown in Table 4 Of the 13 hazard 
categones appeanng on the general checklist, 11 hazards were found to be present m the 
Buildmg 991 Complex 

Explosive devices or chemicals that are being prepared or used m explosive devices 
(e g , b l m n g  caps, squibs, dynamite) as designated in 49 CFR 173 50 (Ref 19), does 
not include potentially explosive gases or chemicals 

Sources that produce ionizing radiation at a known level (e g , X-ray machines, 
accelerators, sealed sources) 

No 

Yes 

The general hazards identlfied m Table 4 are summanzed m more detal m Table 8 The 
hazard descnpbon 111 the table and the comspondmg text prowdes sufficient detad to  JUS^@ the 
classification of identdied hazards as Standard Industrral Hazards (I e ,  hazards that only lead to 
occupahonal injunes or illnesses and that have lmted unpact on postulated accident uubatron 
frequency, accident mtigabon, and accident consequences) Standard Industnal Hazards are 
considered to be sufficiently controlled by the set o f  SMP elements listed rn Chapter 3, Safety 
Management Programs, of  the FSAR and are not analyzed m e r  Hazards that have not been 
classified as Standard Industnal Hazards are m e d  forward mto the Safety Analysis 

5 Thermal Energy 

Table 4 Facility General Hazard Identification Checklist I 

Hazards that are capable of producing bums, starting fires, causing undesired 
chemical reactions, or producing hazardous vapors, including hot surfaces 

Yes 

I Yes I 4 Radioactive Materials Radioactive matenals that are dispersible (I e require low energy for release), does I I not include sealed sources or nontransferable contamination 
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I Table 4 Facility General Hazard Identificahon Checklist 

HAZARD DEFINITION 

High-pressure systems (liquid or gas) that are capable o f  rupmng, producing 
damaging missiles, or hazardous matenal dispersal energy, including compressed a r  
used as a facility utility and standard compressed gas bottles 

6 Pressure Sources Y=- YEStNO 

Yes 

Areas or rooms that are suscepbble to low or madequate vcnttlmon where flammable 
gases, hazardous vapors, or asphyxiants may accumulate (e g , confmed spaces) 

Operations that involve contlnuous handling of matenals (e g , waste contarner nxxipt 
and shipment) 

~ ~~~~~~ ~~~~~~ ~ 

7 hnetic Energy Moving or rotatmg equipment that is capable of breaching hazardous matenal 
conmners or producing damaging missiles I 

Yes 

Yes 

8 Potential Energy I 

Matmais or chemicals that are o f  unknown nature (e g , unmarked conmers) 

Hazard or concern that does not fit mto a specific hazard category, (e g , areas with 
high combustible loadmg, areas wth high levels of contammatmn, areas particularly 
suscepbble to natural phenomena, shock sensihve chermcals, explosive gases) 

I I Systems, components, or situations that have stored energy, mcludmg charucal 
systems (e g , large battery banks), clcctncal systems (e g , large capacitor banks), or 
mechanical systems or s i m o n s  (e g , hfge elevated messes, ratstd Waste Conramers) 

No 

YCS 

I yes I 9 Hazardous Chemicals Chemicals or matmals that are c o n s i d d  tomc. noxious, or otherwise hazardous I orMatenals I (e g RCRA listed, TSCA listed) 

10 Inadequate 
Ventllation 

11 Matcnal Handling 

12 Unknown or 
Unmarked Matmals 

13 OtherHazards 

Table 8 lists the eleven general hazards idenbfied m the facility and specifies more detasl 
dealmg wth each hazard Hazard characterrzation information dealmg with hazard attributes 
such as descnption, quanhty, form, packaging, and locabon are prowded m the table and fiuther 
discussed m the correspondmg hazard sub-secoon text 

Some hazards are only present for specific actmbes that are bemg conducted or specific 
situations (e g , lunetx energy associated wth forklifts is only applicable when the forklifts are 
bemg used). The table idenbfies those amvibes fiom Sechon 1 2, Complex Mzsszon And 
Actzvzrzes Overvzew, of  the FSAR to whch a specific hazard may be applicable Applicable 
activities are defined as activities that can create or interact wth specific hazards Acronyms for 
activlty titles that are used throughout the remamder of the Safety Analysis are defined in 

Table 5 Tables are presented m each hazard discussion sub-section that define the interactions 
between hazards and activities These tables, at a mmmum, identifjl those activities that 
(1) operate, use, mampulate, or move the hazard (if applicable), (2) mantam or repar the hazard 
(if applicable), and (3) inspect or test the hazard (if applicable) Addihonal interactions are 
defined as appropnate to specific hazards (e g , activities that may mdlrectly approach a hazard) 
These tables are intended to present the most likely activityhazard interactions and are not 
intended to cover every possible interaction between activities and hazards The idormation in 

these tables is based on analyst judgment and it should be expected that a different analyst would 
indicate different interactions, however, the differences are not expected to be sigmficant Two 
levels of  interaction are identified Definite activity interaction wth a hazard w11 be indicated 
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by a “yes” in the table, and possible activity interacbon w11 be mdicated by a “may” rn the table 
In either case, Table 8 w11 indicate the activity in the “Interact Activlties” column for hazards 
considered to be Standard Industnal Hazards For hazards that are carned forward m the Safety 
Analysis, the entry under the “Interact Activities” column of  Table 8 is ADB (Analyzed in Detail 
Below) 

C O N B  

G J N U  

Table 5 Acronyms for the Building 991 Complex Activities 

1 2 2  Construction 

1 2 3  Waste Generation 

S N M B  

WASTE& 

I 1 1 2 4  IMmtenance I 
1 2 5  

126  

Receipt, Stagmg, and Shipment of Special Nuclear Matenal 

Receipt, Storage, Transfer, and Shipment of Waste 

I m u  I 1 2 7 I Routme Activities I 
I I suRv/IJ 1 2 8  Surveillance 

Two general classes of hazards may exist m the Buildmg 991 Complex- (1) hspersible 
hazards (e g ,  radioacbve matenal, hazardous chemcals) that must be contamed or confined to 
protect receptors, and (2) hazards that can potentially act on the contamment or confinement o f  
other hazards ( e g ,  momg eqwpment, combusbbles) The hazardous components o f  
nondispersible hazards that can mpact the IW (e g , hgh voltage electrrcity, movmg eqwpment) 
but cannot mpact the CW or the public are considered to be addressed by Site programs and are 
not the focus o f  the hazard evaluation process l h s  hazard evaluabon process presumes that 
hazardous, Qspersible matenals are contamed in packages that may be suscepbble to breach by 
mechmcal, chemical, or themal means The process also presumes that the dormnant 
dispersible hazards deal unth radioactwe matenals and wll only address chemcd hazards m 
cases where sigmficant quanbbes, relative to specified TQs or TPQs, are avsulable for release 

Table 8 and the explanatory text identify a set of  candidate general protective features 
that can be used to reduce the nsk associated wth the specified hazard for those hazards that are 
determined to be Standard Industnal Hazards The approach used in the determmation of 
protective features associated wth a hazard focuses on how the hazard potentially interacts 
mechmcally, chemically, or thermally wth the contamnent or confinement barners for 
hazardous matenals in the Building 991 Complex In addition, a set of worker safety protective 
features is identified for each hazard charactenzed as a Standard Industnal Hazard, which wll 
not be further evaluated For IW safety, three levels o f  protection are always addressed, even if 
no protection exists for the level (1) physical barners around or dealing wth the hazard that can 
protect the worker (e g , fences, shielding), (2) general classes o f  protective equipment for the 
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worker (e g , protective clothing, breathing devices), and (3) adrmmstratwe imposed 
requirements to protect the worker (e g , postings, lockouthagout) The set of protective features 
for IW protection is not intended to be a complete Iistmg Rather, protective features covenng 
those aspects of the hazard that are considered to place the IW at most nsk are listed 

CRIT 

ER 

EPWM 

Each of the specified features that is credited in makmg the deternabon that the hazard 
IS a Standard Industnal Hazard w11 have a correspondmg Site program fiom Chapter 3, Safey 
Management Programs, of the FSAR identified as the credited program Acronyms 
corresponding to Site programs that are used in the follotlnng tables are defined 111 Table 6 For 
hazards that are carned forward in the Safety Analysis, the entry under the “Cdted Protectwe 
Features” column of Table 8 is ADB (Analyzed m Detzlll Below) 

3 5  Cnticality Safety 

3 6  Emergency Response 

3 7  Envronmental Protemon and Waste Management 

Table 6 Acronyms for the Site Safety Management Programs 

FIRE 3 8  Flre Protection 

S&IH 3 9  

I MAINT I 3 10 I Mamtenance I 
Safety and Industrral Hygiene 

NUC 
OR 

I QA I 3 13 I Quality Assurance 

3 11 Nuclear Safety 

3 12 Occurrence Reportmg 

RAD 
RMDC 

I TRAIN I 3 16 I Trammg 

3 14 Radiation Protection 

3 15 Records Management and Document Control 

1 
TRANS 
WORK 

3 17 Transportation 

3 18 Work Control 

An indication of the general types of accident scenanos associated wth Non-Standard 
Industnal Hazards is provided in the “Remarks” column of Table 8 For each hazard that is to be 
carned forward in the Safety Analysis, potential accident scenanos involving the hazard or 
caused by the hazard are identified Seven general types of accident scenanos are used to 
charactenze the spectrum o f  analyzed events The seven accident scenano types are listed and 
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defined in Table 7 The table addresses the accident types in terms of events involving 
radioactive matenals but the general accident s c e m o  types could also be applied to other 
hazardous matenals (e  g , chemicals) 

Table 7 General Types of Accident Scenarios in Safety Analysis I I 

GENERAL ACCIIW” SCENARIO DESCIUPflON 

Thls accident scenano type is used to cover fires caused by pyrophonc radioactwe 
matenal exposures to aw (I e ,  contamer breach) The Buildmg 991 Complex will handle 
contamers contatnmg pyrophonc radioactwe metals as part o f  the SNM acavity and 
potentially as part o f  the WASTE amvity and as r e q u d  to support the conduct o f  the 
CHEM, CON, M A N ,  and SURV achwtles (e g , movement o f  contamers pnor to 
performmg work) This type of  fire is dlstmguished €tom the “Facility Fm” scenano type 
due to the mitlatmg event mechanism differences (I e ,  more spill-ldce than fue-ldce) 

This accident scenano type is used to address fues occumng withm the Buildmg 99 1 
Complex that can be caused or exacerbated by the conduct of the CHEM, CON, MAMT, 
and RA actiwhes (e g , mlxmg mcompmble chemicals, errors while performmg hot work, 
mtroduction o f  combushble matenal) or can occur d w g  the conduct o f  radioactive matenal 
receipt and shipment under the GEN, SNM, and WASTE achvities (I e ,  use of transport 
vehicles contatnmg fuel) 

the result o f  rahoactwe matenal contamer drops d m g  the handlmg o f  the contamers under 
the conduct of the GEN, SNM, and WASTE amvihes, as r e q u d  to support the conduct of 
the CHEM, CON, M M T ,  and SURV amvities (e g , movement o f  matenals pnor to 
performmg work), and due to madvertent contact with contamers dunng the conduct o f  the 
CON, M A N ,  SNM, and RA activities (e g , vehicle contact with contamers dunng 
movement o f  “non-hazardous” matenals for construmon) 

This accident scenano type 1s used to cover spills of confined radioactwe matenal as 

~~ 

This accident scenano type is used to cover punctures o f  contamers Contatnmg 
radioactive matenal as the result o f  radioactive matenal contamer contact with forkla tmes 
d u n g  the handlmg o f  the contamers under the conduct o f  the GEN, SNM, and WASTE 
activities, as requved to support the conduct o f  the CHEM, CON, MAMT, and SURV 
activities (e g , movement of matenals by forklift pnor to performmg work), and due to 
madvertent contact with contamers dunng the conduct o f  the CON, MINT, SNM, and RA 
activihes (e g , forklift contact with contamers d u n g  movement o f  “non-hazardous” 
matenals for construction) This type of spill is distmguished from the “Spill” scenano type 
to draw attention to the spill resistance o f  the Type B shippmg and the POC versus the 
Type B shippmg and the POC susceptibility to puncture events 

result of the handlmg of the contamers under the conduct o f  the WASTE activity, as required 
to support the conduct o f  the CHEM, CON, MAMT, and SURV activities (e g , movement 
of contamers pnor to performmg work), and due to madvertent contact with contamers 
durmg the conduct of the CON, GEN, MAMT, SNM, and RA activities (e g , vehicle contact 
with contamers durmg movement of “non-hazardous” materials for construction) This type 
o f  explosion is distmguished from the “Facility Explosion” scenario type due to the mitiatrng 
event mechanism differences (I e ,  contamer movement can lead to contamer explosion 
where the introduction of flammable gas is needed for facility explosion) 

This accident scenano type is used to cover waste container hydrogen explosions as a 
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Table 7 General Types of Accident Scenarios in Safety Analysis I 
SCENARIO TYPE 

Facility Explosion 

Cnticality 

G E N U  ACCIDENT ScE;NAIuO DESCRIPTION 

This accident scenano type is used to address explosions occumng withm the 
Buildmg 991 Complex that can be caused by the conduct of the CON and MAMT activities 
(e g , errors while usmg propane) and can mpact radioacme matenal contamers associated 
with the GEN, SNM, and WASTE activioes 

of the rearrangement of contamers under the conduct of the SNM and WASTE actwties, as 
requwed to support the conduct of the CHEM, CON, MAINT, RA, and SURV activities 
(e g , movement of contamers pnor to performlng work), and as a result of other accident 
scenanos mitiated by any of the activitles 

This accident scenano type is used to cover radioactwe m a t e d  cnhcalihes as a result 
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4.1.1 High Voltage (HazardEnergy Source 1) 

Maintains/Repam 

InspecWcsts 

Indirectly AppmachcsMears 

13 8kV Transformers (Sub-hazard 1 A) 

Y= 

may 
may may may may 

Two 13 8 kV to 480 V transformers are located on the outside of Buildmg 991 in an area 
east of the facility The transformers present a sigmficant electncal hazard that potentially can 
initiate fires and electrocute personnel The transformer area is generally cleared but grasses 
(r e ,  potential for external event range fire) are located near the transformer enclosure No 
radioactive matenals are located close enough to the transformers to be lmpacted by transformer- 
related hazards and, therefore, the hazard associated wth the transformem is considered a 
Standard Industrial Hazard and w11 not be further evaluated However, low voltage electnc 
power system are located ~fl areas contamng radioactive matenal and are potenhal fire mtiators 
(see Secbon 4 1 4) Interactions of the hazard wth actimties are shown m Table 9 

1 Thermal and Electncal I Interaction 
, 

Worker Safety 

I Table 9 13.8 kV Transformer Hazard Activity Interaction 

ISSUE 

Mechanical Interaction 
Chemical Interachon 

APPLIWLE GENERALFEATuREFuN(=IIoN C R E D l T E D ~ m ~  ,, 

no 
no 

Protective features credited in the determmation that the 13 8 kV transformers are a 
Standard Industnal Hazard are shown in Table 10 

Yes 

Yes 

Table 10 13.8 kV Transformers Hazard Protective Features I 

Separahon from hazardous materials 

Separation from combustibles 

Physical barriers 
Protective equipment 
Administrative 

Current configuration control [CONFIG] 

Combustible control (FIRE] 
Fenced area, insulated enclosure [SBrIH] 

Insulated clothing, insulated equipment [S&IH] 
Work control, postings, training, lockouthgout 
[WORK,S&IH TRAIN] 
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4.1.2 Direct Radiation Sources (Hazard/Energy Source 3) 

Sealed Sources (Sub-hazard 3A) 

Sealed sources are idenbfied in Table 1 1  and are radioactive matenal sources stored 
wthin source lockers and vaults in the complex The sources present a radiation hazard that 
potentially can yield sigmficant personnel radiation exposures The sources, in most cases, 
contam relatively small amounts of radioactive matenal However, there are multiple sources 
wth non-tnvial quanbbes of radioactive matenal The Cune quantibes shown ln the table come 
fiom source ifonnabon, the gram quantities are denved using gram-per-cune rat~os developed 
fiom DOE-STD-1027-92 (Ref 3) Even though some sources contam non-tdal quantWes of 
radioactive matenal, the sources are considered a Standard Industrial Hazard due to the ngor 
associated wth source packaglng These hazards wlll not be further evaluated Interacbons of 
the hazard wth activibes are shown in Table 12 

232Cf 

22Cf 

Table 11 Radioactive Sources 

AS403 Room 150 3 5E-11 1 88E-02 
AS-629 Room 150 4 9E-09 2 64E+00 
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Table 11 Radioactive Sources 

NUCLIDE REGISTRY # LOCATION PRESENT AMOUNT g(') 

"Cf AS-632 Room 150 4 9E-09 
W f  AS636 Room 150 4 9E-09 

PRESENT ACTIVITY pCi(') 

2 64E+OO 
2 64E+OO 

I 24iAm I AS-2850 I Room 170 I 3 3E-06 I I15Ei-01 I 
U9PU 

"7CS 

AS-2904 Room 132 1 9E-07 1 20E-02 
AS-55 1 Room 170 9 2E-08 7 9 9 E W  

%l 

"VU 

AS-3696 Room 170 1 1  6 65E+04 
AS-3697 Room 170 2 2  1 39Ei-05 
AS-3698 Room 170 58 3 59E+06 

a% 

23% 

AS-3699 Room 170 10 6 49Ei-05 
AS-3700 Room 170 25 157E4-06 

Table 12 Sealed Sources Hazard Activity Interaction 

n5u AS-3 70 1 Room 170 

InspecWTests I I I I 1 I I I Yes 

8 65Ei-01 

Protectwe features credited m the deternabon that the sealed sources are a Standard 
Industnal Hazard are shown m Table 13 

'*Ir AS-3917 Room 164 

Table 13 Sealed Sources Hazard Protective Features 

7 2E-06 6 66E+04 

ISSUE 

Dispersibility 

APPLICABLE GENERAL FEATURE FUNCTION CREDITED GENERAL FEATURES 

yes I Containment I Source oackaee ISBclHl 

Mechanical Interaction no I 
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Worker Safety 

37 

no 

Yes Physical barriers Source package shielding [S&IH, RAD] 
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Protective equipment 

Administrative 

Dosimetry, leaded clothing v] 
Source inspection source package quality, postings 
work control ALAR4, training, source use 
evaluation, source control [S&IH, RAD QA, 
WORK, TRAM M A N ,  ORG] 



X-ray Device (Sub-hazard 3B) 
A portable X-ray device (Sub-hazard 3B) is located and used m Room 164 The radiation 

generatmg dewce presents a ionivng radiation hazard that potentially can yield sigmficant 
personnel radiation exposures Due to the distance separating the X-ray device from the CW and 
the public, radiahon generated by the device poses no nsk to either receptor For this reason, the 
X-ray device is considered a Standard Industrial Hazard and wll  not be further evaluated 
Interactions o f  the hazard wth activities are shown in Table 14 

ISSUE 

Radiation 

Table 14 X-ray Device Hazard Activity Interation I 

APPLICABLE GENERAL F E A W  FUNCl’ION CREDlTED-mm 

yes Remote location C m n t  m f i m o n  control fCONFIG1 

I I I I I I I Yes I I 

Thermal Interaction 

Worker Safety 

1 

no 

Yes Physical barriers Ikvicc, shielding [SdtIH, RAD] 
Protective equipment Dosmctry WI 
Administrative Device mpcctmn. poshngs. work control. mining, 

device control ISBIH. RAD. WORK. TRAIN. ORGl 

I 1 1 7 I 1 3- I 

Protective features credited in the deterrmnahon that the X-ray device is a Standard 
Indushal Hazard are shown in Table 15 

Table 15 X-ray Device Hazard Protective Features 

Mechanical Interaction no 

Chemical Interamon I no 
I I 

4.1 3 Radioactwe Matenals (Hazard/Energy Source 4) 

Category I and I1 SNM (Sub-hazard 4A) 

Part o f  the mission o f  the Building 991 Complex is to receive, stage, and then ship DOT 
approved, Type B shpping containers containing Category I and I1 quantities of plutonium, 
uranium, and/or americium metals and/or oxides The radioactive materials present a sigmficant 
radiological hazard that potentially can yield IW, CW, and public radiation exposures Release 
mechanisms for the matenal include (1) exposure o f  pyrophonc matenal to atmosphere wth 
subsequent fires, (2) matenal involvement in non-pyrophonc, facility fires, (3) matenal 
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involvement in contamer spill events, (4) matenal involvement m contamer puncture events, 
(5) matenal involvement in facility explosion events, and (6) cnticality events Many of these 
release mechasms are expected to be precluded due to the ngor of  the TypeB shipping 
contamer The Type B shpping contamers contaimng Category I or I1 SNM are not opened in 
the Building 991 Complex Exposure of  pyrophonc matenal to the atmosphere is also expected 
to be precluded since the receipt of  SNM in Building991 will comply wth the reqwrements 
specified in l-W89-HSP-3 1 1 1 (Ref 20), on-site transportation procedures, and Department o f  
Transportation (DOT) procedures whch limit the amount o f  known pyrophonc matenal The 
quantity of  WGPu or uramum in the TypeB shpping contamer vanes for each contcuner 
Category I SNM requlres two or more lulograms of plutomum metal or SIX or more lulograms o f  
plutomum oxlde The Category1 and I1 SNM hazard is M e r  evaluated and the activity 
interachons and protectwe features are identified in later secbons o f  h s  report 

Waste Contamers (Sub-hazard 4B) 
Part of  the mssion o f  the Budding 991 Complex is to receive, store, and then ship on-site 

transportation approved shpping contamers conhung plutomurn, uramurn, andor amencium 
contammated wastes The d o a c t i v e  matenals present a sigmficant radiological hazard that 
potentially can yield IW, CW, and public radiahon exposures Release mechatusms for the 
matenal include (1) exposure of pyrophonc waste metal to atmosphere wth subsequent fires, 
(2) matenal mvolvement m non-pyrophonc, facility fires, (3) matenal mvolvement m contamer 
spill events, (4) matenal involvement m contamer puncture events, (5) hydrogen generabon in 
contamers wth subsequent contamer explosion events, (6) matenal involvement m facility 
explosions, and (7) cnhcality events The contarmnated waste matenal sluppmg contamers are 
not opened in the Bwldmg 991 Complex The quanhty o f  WG Pu or uramum in the waste 
shipping contamer vanes for each contamer type The maxmum fissile matenal loading (m 
terms o f  WG Pu eqwvalent dose unpact) for each analyzed contamer is shown m Table 16 and 
are based on (1) upper-bound quantihes for contamers wthm the defined waste category, in the 
case of  LLW contamers, (2) contamer fissionable matenal lmits unposed by Cnticality safety, 
in the case of  TRU waste contamers other than POC contamers, and (3) contamer fissionable 
matenal limits unposed by Cnticality Safety in combnabon with a maxlIIlllfn planned 
amencium loadmg, in the case of POC contamers Thls table is presented to support 
development of accident scenanos (to determine the effectwe MAR) and should not be 
interpreted as Nuclear M a t e d  Safety Limits (NMSLs) for the complex 
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A conservatwe estimate of the number of TRU waste drums that can be stored in the 
Building 991 Complex is 4,792 drums Thls estimate is based on the followng assumed room 
inventones and staclung arrangements 

Room 134 
Room 140/141 
Room 143 
Room 148 
Room 153 
Room 158 
Room 170 
Building 998 

850 drums 
600 drums 
300 drums 
20 drums 
104 drums 
56 drums 
768 drums 
600 drums 

4 tiers Room 135 24 drums 1 tier 
3 tiers Room 142 80 drums 2 tiers 
3 tiers Room 147 60 drums 1 tier 
1 tier Room 151 400 drums 3 tiers 
2 tiers Room 155 120 drums 1 tier 
1 tier Room 166 650 drums 4 tiers 
4 tiers Building 996 160 drums 1 tier 
2 tiers 

The above room loadmg assumpbons are not intended to be restnctions on room 
inventones or staclung arrangements but are used only as estunates of the buldmg mventory 
These data are presented to support development of accident scenanos (to d e t e m e  the effectwe 
MAR) and should not be mterpreted as an overall limt for radioactwe waste matenal for the 
complex Conservatwe assumptions dealmg wth damage ratios, inventones, and contamer 
contents that go mto the MAR estunate for accident scenanos are expected to cover all vanabons 
of the drum totals and staclung arrangements except for sipficant departures (more than 25% 
increases) from the above assumpt~ons The waste contamer hazard is further evaluated and the 
activity interacaons and protectwe features are idenbfied m later secbons of hs report 

The chemcal and physical forms of the contamenzed wastes vary, but are categonzed by 
the Item Descnpbon Code (IDC) or Waste Form Code (WFC) assigned to them The wastes are 
contammated pnmanly wth WGPu Uraruum contammated wastes may be found m the 
complex but are not explicitly evaluated, WGPu postulated release evaluatrons are used to 
bound smilar scenano releases mvolvmg uramum due to the sipficantly hgher DCF associated 
wth plutomum versus uran~um Some of the wastes may be contammated wth lugher 
concentrations of amencium than normally found m WG Pu from the decay of 241Pu to 241Am 
The hazards associated wth the hgher amencium content packages are addressed in 
USQD-RFP-97 05 1 0-TLF, Americium Quantities Greater Than Analyzed m the FSARs 
(Ref 21) The Unreviewed Safety Quesbon Determmation (USQD) concluded that the exlstmg 
Building 991 Complex authonzation basis does not identify any controls on amencium in the 
complex This Safety Analysis wll address the issue of amencium in waste contamers and w11 
identify appropnate controls associated wth the material 
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Container Type Waste Type Analyzed WG Pu Equivalent Limits 

55-gallon waste drum LLW 0 5 grams 

55-gallon waste drum TRU waste 200 grams 

wooden crate LLW 3 grams 

POC TRU waste 1,255 grams 

TRUPACT I1 SWB TRU waste 320 grams 

metal waste box LLW & TRU waste 3 grams (LLW) and 320 grams (TRU) - 

Contaminaoon (Sub-hazard 4C) 

The Buldmg 991 Complex has handled radioactive matenal contamers of vanous types 
throughout its hlstory However, no idenbfied contarmnabon of any sipficance is present m the 
facilities Previously removed f igh  Efficiency Par tda te  Au (HEPA) filters from the plenums 
supporting the Bullding 991 Complex have had no contaminahon of sipficance but are treated 
as LLW No waste contamers and Type B shppmg contamers are to be opened m the fwihty so 
the generation of any new contammation is llrmted to accidental spills The very h t e d  
radioactive matenal contammation exlstmg outside of contamers presents a possible radiolog~cal 
hazard that potentially can yield personnel rahation exposures The HEPA filters III the plenums 
and the drums processed through the drum crushmg actmty are treated as LLW and have the 
potential to contam small amounts of contamination Based on the expenence from past 
operation of the facilibes and the restnction fiom openmg contamers m the facilihes, 
contamination outside of waste contamers is considered a Standard Industrial Hazard wlth no 
nsk posed to the CW or the pubhc and mll not be M e r  evaluated Interactions of the hazard 
wth acbvihes are shown m Table 17 

I Table 17 Contamination Hazard Activity Interaction 

1 1 I I I 1 Yes Inspecmests 

Indirectly ApproachedNears I may I yes I may I I I Yes I Yes 

Protective features credited in the determination that contamination is a Standard 
Industrial Hazard are shown in Table 18 
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Table 18 Contamination Hazard Protective Features 

GENERALFEATUREFUNCI'ION 

Contarnmcnt of contamination 

APPLICABLE 

Dispersibility 

Mechanical Interaction 

CREDJTED GENERAL FEATURES 

No container opening [EPWM] 

Chemical Interac%on no 

Physical barnen 
Protective equrpmcnt 

Adminisiratwe 

Confinements [RAD] 

Dosimetry, respiratory protection, contamination 
protechon clothing (RAD] 

No contamer opening, mtuntcnancc work evaluation, 
m a  surveys, radiation work permits, work control. 
W n g s .  ALARA, mining WWM. MAINT, RAD, 
WORK, TRAIN] 

4.1.4 Thermal Energy (HazardEnergy Source 5) 

Worker Safety 

Heated Water (Sub-hazard SA) 
Heated water is used for heatmg of vmous bmldmgs m the Bmldmg 991 Complex The 

heated water enters the facility m Room 166 from the adjacent bulldmg contillrung natural gas 
heated boilers From Room 166, the heated water goes to Room 137 fiom whch it is distnbuted 
throughout the facility The heated water lines present a thermal hazard that can potentdly burn 
facility personnel but is not a potential fire mtiator since the temperature of the water is less than 
201 "F No radioactive matenals are located close enough to heated water lmes to be mpacted by 
thermal hazards associated wth hot water and, therefore, the thermal hazard associated wth 
heated water is considered a Standard Industrial Hazard and wl l  not be further evaluated 
Interactions of the hazard wth actimbes are shown m Table 19 

Yes 

Table 19 Heated Water Hazard Activity Interaction 

ACllMTY 
INTERACTION CHEM CON GEN MAINT SNM WASTE RA SURV 

OperatesRlseslManipulateslMoves Yes may 

Protective features credited in the determination that heated water is a Standard Industnal 
Hazard are shown in Table 20 
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Table 20 Heated Water Hazard Protective Features 

I ISSUE I APPLICABLE I CENERALFEATUREFUNCI'ION I CREDITED CENERALFEATURES I 
Mechanical Interacoon 

Chemical Interaction 

no 

no 

Thermal Interaction 

Worker Safety 

Yes 

Yes 

ProDane (Sub-hazard 5B) 

Limitation on temperature 

Separation from hazardous matenals 

Physical bamen 

Protective equipment 

Administrative 

As part of the Bmldmg 991 Complex operations, flammable gas torches may be used for 
pipe b m g  or other tasks A small, hand-held propane torch is the expected flammable gas 
component The torch use is not expected to be a fiequent actmty, but some use of the torch is 
expected Locabons for use are not defined and may rnclude waste storage areas The propane 
flammable gas associated with the torch could result m (1) exposure of pyrophonc waste metal 
to atmosphere with subsequent fires due to a propane explosion m proxlrmty to contamers, 
(2)facility fires mvolvmg propane or dlrect contamer exposure to torch flame, (3)facility 
explosions mvolvmg propane, and (4) rearrangement of contamers wth subsequent cnt~cality 
events due to a propane explosion m promity to contamers In adhhon, propane storage tanks 
are located on elevated terram, west of the Buildmg 991 Complex and may pose a hazard to the 
complex if breached The propane hazard is further evaluated and the acuvity mteracbons and 
protective features are identified in later sectioks of thls report 

C m n t  configuratcon control [CONFIG] 

Cumnt oonfimon control [CONFIG, EPWM] 

Piping, insulmon [SBIH] 

Non-absorbcnt thermal protauon clothing [SBIH] 
Systcm mnspecudmonit~mg, wntcnance work 
cvaluatron, work control, Irkling, tmning [SBIH, 
ORG, MAINT, WORK, TRAINI 

Natural Gas (Sub-hazard 5C) 

As part of the Bddmg991 Complex operations, natural gas boilers are used to heat 
water for portions of the facility heating system The natural gas h e  to the boiler bwldmg is 
above ground to the north-east of Building 991 (I e ,  near Room 166) The boiler buildmg is 
located to the east of Room 166 and to the north of the 13 8 kV transformers Falure of the 
boilers or natural gas lmes could result in (1) exposure of pyrophonc waste metal to atmosphere 
wth subsequent fires due to a natural gas explosion m proximity to contzuners, (2) facility fires 
involving natural gas, (3) facility explosions involving natural gas, and (4) rearrangement of 
contamers wth subsequent cnticality events due to a natural gas explosion in proximity to 
contamers The natural gas hazard is further evaluated and the activity mteractions and 
protective features are identified in later sections of this report 

PvroDhonc Materials (Sub-hazard 5D) 
Part of the mission of the Building 991 Complex is to receive, stage, and then ship DOT 

approved, Type B shpping contamers containing Category I and I1 quantities of plutonium or 
uranium metal Also, as part of the Receipt, Storage, Transfer, and Shpment of Waste activity, 
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an on-site transportation approved, 1 0-gallon shipping contzuner contzuning urmum fines was 
stored in the facility The radioactive material metals and fines are potentially pyrophonc and 
may spontaneously ignite when exposed to atmosphere The pyrophonc matenals present a 
significant radiological hazard that potentially can yield IW, CW, and public radiation exposures 
follocnng the igmtion and b m n g  of the radioactive matenal as covered by matenal fires in the 
Safety Analysis The Type B sluppmg containers and the waste drum provide protectxon agzllnst 
the exposure of the pyrophonc matenal to i r  The Type B sluppmg contamers and the waste 
containers are not opened in the Building 991 Complex The quanhty of WG Pu or uraum in 
the Type B shppmg contamer vanes for each contamer Category I SNM q m s  two or more 
kilograms of plutomum metal or six or more Iulograms of plutomum oxlde The quantity of 
m u m  in the uraum fines 10-gallon waste drum is conservatwely estmated to be 200 grams 
(fissionable matenal drum limit unposed by Cnticality Safety) The 10-gallon drum contrumng 
potentially pyrophonc uramum fines is no longer in the facility but a hazard associated wth a 
limited number of waste containers contamng pyrophonc uranium fines is considered The 
pyrophonc radioactwe matenal hazard is m e r  evaluated and the actmty mteracbons and 
protective features are idenbfied m later sections of this report 

Electnc Power System (Sub-hazard 5E) 

Electnc power m g  and electncal components exlst throughout the Bwldmg991 
Complex Falure of the electnc power system by shorts or loss of mulabon could result m 
( 1 ) exposure of pyrophonc waste metal to atmosphere wth subsequent fires due to igmhon of an 
explosion in proxlrmty to contamers, (2)igmtion of facility fires mvolvmg combwbles, 
(3) igmtion of facility explosions involving flammable gases, and (4) rearrangement of 
containers wth subsequent criticality events due to igmtion of an explosion m p r o m t y  to 
containers The electnc power system hazard is further evaluated and the actiwty mteracbons 
and protectwe features are idenQfied in later sections of h s  report 

Electnc Heaters (Sub-hazard 5F) 

Portions of the BuilQng 991 Complex do not have heatmg support fiom the heated water 
system and alternative means for conditiomng the i r  in the locatlons are reqwed Room 166 
and Room 167 of Bullding 991 and Bwlding 989 have electnc heaters to mamtam proper 
temperatures m the areas Room 166 has three ceiling-mounted heaters, Room 167 has 
one heater, and Bwlding 989 has two heaters The electnc heaters present thermal and electncal 
hazards that can potentially result in the initiabon of a fire, burn personnel, and electrocute 
personnel No radioactwe matenals are located in Room 167 or Building 989 but the diesel 
generator serving the complex is located in Building 989 Fires imtiated by the heaters in 
Building 989 could impact the complex electnc power supply, but the loss of electnc power to 
the complex is domnated by other electncal system failure modes Fires impacting backup 
power supplies would have little contnbution to the overall frequency associated wth complex 
loss of power A fire in Room 167 is not expected to propagate to other parts of Building 991 
( I  e ,  Room 166) due to the concrete wall between the two rooms and the two windows in 
Room 167 that would fail dunng any significant fire and reduce the wall heat loading 
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Unlike Room 167 and Building 989, Room 166 may be used for waste contamer storage 
The heaters in Room 166 are ceiling mounted, whch reduces the thermal and fire irubation 
hazard posed by the heaters on the waste contamers potentially stored in the room General fire 
mi tiation frequencies corresponding to electnc power system falures and personnel errors are 
used in the Safety Analysis and bound any fire ixutiabon frequency contnbuuon related to the 
elevated heaters and stored waste contamers. Due to the location of the electnc heaters relatwe 
to any sources of radioactive matenal and the frequency dominance of other inrtiators dealing 
with fires over electric heater imhation of fires, the thermal, fire uutiabon, and electrocubon 
hazard associated wth the electnc heaters is considered a Standard Industrial Hazard and w11 
not be further evaluated Interacbons of the hazard wth actiwties are shown rn Table 21 

Mechanical Interaction 

Chemical Interaction 

Table 21 Electric Heaters Hazard Activity Interaction 

I - * *  x a *  + -  A m  L- 

no 

no 
I 

I OperateslLlscs/Manipulatts/Moves 

MaintainsRepairs I Yes 

Thermal Interaction 

I I I I I I I I Yes I n s p e c ~ e s t s  

Y e  Marntenance of system insulation Systrm marntcnancc [MAMT] 

Separatton from hazardous matcnals 
Separation from combustibles 

Cunent configuration control [CONFIG, EPWM] 
Combustrble control EIRE1 

Protective features c rd ted  m the detemnabon that the electnc heaters are a Standard 
Industnal Hazard are shown m Table 22 

Administrative 

Table 22 Electric Heaters Hazard Protective Features 

System inspectiodmonrtoring. maintenance work 
evaluabon, work control. postings, training [SBIH, 
FIRE, ORG, MAIN", WORK, TRAM] 

I Workersafety I yes I Physical bamea I Elevation, heater enclosures [SCIHJ 
Protective equipment I Thennal protection clothing, insulated clothing 1 [S&IHJ 

Diesel Generator, Dav Tank, Battenes (Sub-hazard 5G) 

The Building 991 Complex is supported by a backup power diesel generator and 
associated auxiliary equipment Building 989 contams a diesel generator, a day tank contamng 
up to I80 gallons of diesel fuel, and starting battenes This combined set of equipment presents 
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thermal and electncal hazards that can potentially result in the mtiation of a fire, burn personnel, 
and electrocute personnel No radioactive matenals are located in or near Building 989 Fires 
initiated by the diesel generator and auxiliary equipment could impact the complex electnc 
power supply, but the loss of  electnc power to the complex is dominated by other electncal 
system failure modes Fires impacting backup power supplies would have little contnbution to 
the overall frequency associated wth complex loss of  power Due to the location o f  the diesel 
generator and awuliary equipment relative to any sources o f  radioactive matenal and the 
frequency dommance o f  other imtiators dealmg wth loss of electnc power over fires 111 the diesel 
generator building, the thermal, fire uuhation, and electrocuhon hazard associated wth the dlesel 
generator and auxiliary equipment is considered a Standard Industrial Hazard and wll not be 
further evaluated Interactions of the hazard wth activihes are shown 111 Table 23 

lssuE 
Mechanical Interaction 

Chemical Intera&on 

Table 23 Diesel Generator, Day Tank, Batteries Hazard Activity Interaction 

I k r  ~ A F 4 A e  3 1 

APPLJCABLE ~ ~ ~ T U J t E F U N ~ O N  CREXHTEDCENERALFEAT~WS ~ 

no 

no 

I I I I I I I 1 Yes Inspeasrrests 

1   her ma^ Interactron 

Protective features credited in the determmabon that the lese1 generator, day tar&, and 
battenes are a Standard Industnal Hazard are shown m Table 24 

I System maintenance FUMT] 
I Current configuration control [CONFIG, EPWM] 

I Combmble control fflREl 

I Table 24 Diesel Generator, Day Tank, Batteries Hazard Protective Features 

Yes 

Yes 

Mmtenance of system bamen 
Separation from hazardous matends 
Separation from combustibles 

Physical bamcrs 
Protective equipment 

Administrative 

Worker Safety Separate facility, locked facility [CONFIG, ORG] 
Thermal protechon clothing, mulatcd clothing 

System mspectiodmonttonng, maintenance work 
evaluation, work control, postings, training [SBrIH, 
FIRE, ORG, MAINT WORK, TRAIN] 

WIHI 

TransDort Vehicles (Sub-hazard 5H) 
Part of  the mission o f  the Building 991 Complex is to receive and ship DOT approved, 

Type B shpping containers containing Category I and I1 quantities of plutonium, uranium, 

Revision 2 
September 1999 

46 
BW1 Complex FSAR NSTR-011-98 Support 1 



andor amencium metals andor oxldes and on-site transportation approved slupping contamers 
contaimng plutonium, uranium, andor amencium contaminated wastes Also, vmous 
non-radioactive matenal delivenes and sbpments w11 occur as part of  normal operations and 
tenant activities The use o f  transportation vehcles dunng the conduct o f  these receipt and 
shpment activibes presents a potential flammable matenal hazard fiom the diesel or gasoline 
fuels in the vehcles and an igrution source fiom the hot surfaces o f  the vehcles that can lead to 
facility fires In conjunction wth the radioactive matenal receipt and slupment, radioactive 
matenal contamers are located on or m proximty to the transport vehcles The transport vehicle 
hazard is further evaluated and the activity interachons and protectwe fcatures are identified in 
later sections of thts report 

4.1.5 Pressure Sources (HazardlEnergy Source 6) 

Cornmessed Air. Compressors (Sub-hazard 6A) 

The Bmldmg 991 Complex IS supported by two operabonal and one out-of-service i r  
compressor and the correspondmg pressurrzed au tank and pipmg Shutoff au pressure for the 
a r  compressors is between 80 and 90 pounds per square mch Thls combined set o f  equpment 
presents pressure hazards that can potenbally result m the generabon of mssiles (z e ,  pieces of  
equipment travelmg at hgh velocity due to aw system rupture) and personnel mj~ry Presswzed 
piping goes throughout the facility, mcluding through waste storage areas, however, the 
compressors and the i r  tank are located m the utdity rooms (z e ,  Room 130 and Room 137) and 
in Buldmg985, whch are not used for waste contamer storage Due to the relattvely low 
pressures associated wth the system, the pressure hazard associated wth the au compressors and 
auxiliary equpment is considered a Standard Industrial Hazard and wll  not be further 
evaluated Interacbons o f  the hazard wth acbvities are shown m Table 25 

I Table 25 Compressed Air, Compressors Hazard Activity Interaction 

Protective features credited in the determmation that the compressed air system and 
compressors are a Standard Industnal Hazard are shown in Table 26 
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ISSUE APPLICABLE 

Mechanical I n t e m o n  Yes 

Chemical Interaction no 

Thermal Interacuon no 

Worker Safety Yes 

D m  Crusher (Sub-hazard 6Bj 

Part of the mssion of the Budding 991 Complex is to compact drums that are to be 
shpped from the Site as waste A gasolme fuel powered, hydraulic drum crusher located in 
Building984 performs thls function No TRU waste contamers are stored m Bmlding984, 
however, some LLW contamers may be staged m the bmldmg followrng generaaon pnor to 
removal to an allowed storage location The drums that are treated as waste rn th~s achvity are 
classified as LLW but generally have negligible contamnabon The relatwely hgh pressures 
associated wth the drum crusher and the low levels of contarnumbon present a pressure hazard 
and a contammhon hazard (see Section 4 1 3, Sub-hazard 4C) Due to the negligible radioactive 
matenal present m proxlrmty to the drum crusher, the pressure hazard associated wth the drum 
crusher is considered a Standard Industrial Hazard and will not be further evaluated 
Interactions of the hazard wth actwities are shown M Table 27 

GENERAL FEATIJRE FUNCX'ION CREDlTEDCENEWFEATURES 

Limitation on pressure 

Separation from hazardous materials 

Cumnt c o n f i g w o n  control [CONFIG] 
C u m n t  configuratm control [CONFIG, EPWM] 

Physical barriers 

Protective equipment Eye shields [WH] 
Administrative System inspcctionlmonitonng, mntenance work 

evaluaon, work control, labeling, tmning, 
lockouthagout [S&IH, ORG, MAlNT, WORK, 
TRAM] 

Piping, components, relief valves [S&I€ll 

Table 27 Drum Crusher Hazard Activity Interaction 

OperatcsNsesiManipulateslMovcs Yes Yes 
MaintainslRepain 

Protective features credited in the determination that the drum crusher is a Standard 
Industnal Hazard are shown in Table 28 
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Table 28 Drum Crusher Hazard Protective Features I 
ISSUE APPLICABLE GENERAL FEATURE FUNCTION CREDITED GENERAL F E A W  

Mechanical Interaction Yes Limitation on contamination LLW nstnction WPWM] 
Separation from hazardous matends Cumnt configuration control [CONFIG, EPWM] 

Chemical lntcraction no 

no 

Yes Physical bamcn Component [SBIH] 
Protcctrvc equipment Eye shields [S&IH] 

Administrative I Component ~nscctlon, mntenancc work 
cvduatron. work control. truning [WE& MAINT, I WORK. TRmJl 

Pressunzed Metal Waste Contamers (Sub-hazard 6C) 

Part of the mssion of the Bulldmg 991 Complex is to receive, store, and then shp on-site 
transportation approved metal, sealed shppmg contamers contamng plutomum, m u m ,  andor 
amencium contarmnated wastes The ra&oactive decay of the waste matenal has the potenbal to 
interact wth other waste matenals and produce gases (eg,  as a result of ra&olysis) The 
generation of hydrogen gas is one example of th~s gas generabon and drum pressmmbon 
process The potenhal effects of other gases that may be formed that could lead to pressurmbon 
of the waste contamer are considered to be bounded by the hydrogen gas situabon due to the 
explosive nature of hydrogen (z e ,  hydrogen gas pressure could be significantly lower than waste 
contamer internal falure pressure and sbll lead to container falure as a result of the rapid 
combustion of the hydrogen) The pressunzed metal waste contamers hazard is further evaluated 
under the “hydrogen generabon m metal waste contamersY7 hazard discussed m Secbon 4 1 11 

4.1.6 Kmetic Energy (Hazarmnergy Source 7) 

Vehicles, Matenal Handlmg EauDment (Sub-hazard 7A) 

Part of the mission of the Bulldmg 991 Complex is to receive and ship DOT approved, 
Type B shlppmg contamers contamng Category I and I1 quantities of plutomum, m u m ,  
and/or amenciwn metals andor oxldes and to receive, transfer, and shrp on-site transportahon 
approved shpping contamers contsumng plutomum, uranrum, and/or amencium contammated 
wastes Also, vmous non-radioactive matenal receipts, transfers, and shipments wrll occur as 
part of normal operations and tenant activities The use of matenal handling equpment or 
vehicles dunng the conduct of these receipt, transfer, and shpment activities presents a potential 
kinetic energy hazard &om the movement and mass of the equipment The equipment can 
impact staged Type B shipping containers, staged waste containers, or stored waste contamers 
that could result in (1) exposure of pyrophonc waste metal to atmosphere wth subsequent fires 
due to container breach, (2) spill of container contents followng impact-induced drop events, 
(3) spill of contamer contents followng puncture of the container, and (4) rearrangement of 
container inventones with subsequent cnticality events due to breach of contamers The 
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vehcles, matenal handling eqmpment hazard is further evaluated and the activity interactions 
and protective features are identified in later sections o f  this report 

Rotating Machinery & Tools (Sub-hazard 7B) 
Rotating machnery is located in vanous areas o f  the Building 991 Complex mcluding 

Room 130 (utility room contamng fans and a compressor) and Building 985 (plenum building 
contaming fans and a compressor) No significant quantities o f  radioactive matenal beyond 
contamination levels are located close enough to rotating machnery to be mpacted by the 
kinetic energy hazards associated wth the machmery Some rotating tools (e g drills, saws) 
may be used dunng the conduct of construction and mamtenance tasks but contam insufficient 
energy to cause farlure o f  ra&oactwe matenal contamers except by direct applicafion of the tool 
to the contamer Thls latter hazard is considered sabotage and is not addressed in the Safety 
Analysis Due to the locabon of  hgh ktnetic energy equpment away fiom radioactive matenals 
and the low energy associated wth rotatmg tools (I e mssiles from tool farlure do not have 
much momentum) that may be used in close proxumty to radioactwe matenal contamers, the 
kinetic energy hazard associated wth rotatmg machmery and tools is considered a Standard 
Industnal Hazard and wll  not be further evaluated Interacbons o f  the hazard unth actmbes 
are shown in Table 29 

I Table 29 Rotating Machinery & Tools Hazard Activity Interaction 

may may I may Bnngs Near Radioact~ve Matenal I 

Protective features credited m the determinabon that rotating machmery and tools are a 
Standard Industnal Hazard are shown m Table 30 
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Table 30 Rotating Machinery & Tools Hazard Protective Features I 
GENERALFEATUREFUNCTION 

Separation fmm hatardous matcnals 

ISSUE I APPLICABLE CREDITED GENERAL FEATURES 
Cumnt configuration control [CONFIG, EPWM] for 
foced machines, maintenance work evaluation, work 
control w, WORK] for tools 

Mechanical Interaction 

Chemical Interaction 

Yes 

no 

Thermal Interaction 

Worker Safety 

no 

yes 
Rotective equipment 

Administrative 

Physical barriers 

Eye shields, non-loose clottung [=HI 
System ~pcctlon/monitonn& tool inspection, 
matntenancc work cvduat~on, work control, 
postu~gs, tnunang, lockouthagout [SaUH, ORG, 
MAINT, WORK. TRAM] 

Component enclosures, speed governors [SSrlHI 

4.1.7 Potential Energy (Hazard/Energy Source 8)  

Overhead Cranes (Sub-hazard SA) 

Overhead cranes are located m vanous areas of the Bmldmg 991 Complex Specifically, 
a 3 ton capacity crane is located m Room 134 (room is currently used for storage of waste 
contzuners), a 1 ton capacity crane is located 111 Room 170 (dock area, room may be used for 
storage of waste contamers), a 750 pound capacity crane is located in each of Rooms 164 and 
165 (rooms are not used for storage), a 500 pound capacity crane is located outside m the east 
dock area (area is not used for storage), a crane is located in Room 147 (room is not used for 
storage), and a crane is located in Bmldmg 996 (bwldmg is currently used for waste contamer 
storage) Only the crane m Room 164 is currently bemg used m the performance of  
non-destructive testmg (NDT) work All other cranes are not to be used and are locked out of 
operahon Drops of loads onto radoachve matenal contsuners is not considered m the Safety 
Analysis due to the non-use of  the cranes in areas where contamers may be located The crane 
equipment is indirectly considered in the analysis of  seismc events as part of the debns that may 
fall onto stored waste contamers Due to the location of the smgle crane still m use away from 
radioactive matenals and the non-use of cranes that may be located above radioactwe matenal 
conbners, the potential energy hazard associated wth cranes is considered a Standard 
Industrial Hazard and wll not be further evaluated However, the cranes will be considered 
as part of the elevated debris that may impact waste containers during seismic events 
Interactions of  the hazard wth activities are shown m Table 3 1 

INTERACTION 

OperatesRlseslManipulatedMoves 

I Table 31 Overhead Cranes Hazard Activity Interaction I 

AtTlVITY 

CHEM CON GEN M A N  SNM WASTE RA SURV I Yes 
MaintainslReparrs 

Inspecaests 

I I I 
I may 

Yes 
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Protective features credited in the determination that the overhead cranes are a Standard 
Industnal Hazard are shown in Table 32 

ISSUE APPLlCABLE GENERAL FEATURE mMcIlON 

Mechanical I n m o n  Yes Scoaratron from hazardous matends 

I Table 32 Overhead Cranes Hazard Protective Features 

+ CREDITEDCFlYERALFEATURES 

Cumnt confipuration control ICONFIG. EPWMl 

Worker safety 

Chemical Interaction no I I 
Thermal Internchon I no I 

Yes Physical barriers none 
Pmtect~ve equipment none 
Adminismvc Component uupearonlsweillancc, mamtenance 

wok wduat~on, work control, p0stmg.s. mning, 
lockout/trgout [!am MARJT, WORK, TRAIN] 

Rsused Loads on Forklifts (Sub-hazard 8s) 

Part o f  the mssion o f  the Bulldmg 991 Complex is to receive and shp DOT approved, 
TypeB shppmg contamers contamng Category1 and I1 quanbbes of plutonium, uramum, 
and/or ammcium metals and/or oxtdes and to receive, transfer, and shp on-site transportation 
approved shppmg contamers contamng plutonrum, uramum, and/or amencium contaminated 
wastes The use o f  forklifts durrng the conduct of  these receipt, transfer, and shlpment actmties 
presents a potenad energy hazard (I e ,  potential for dropping o f  contamers) from the msmg o f  
the forklift loads Type B shppmg contamer loads on forklifts are generally not reqmd to be 
rased to any height above that necessary to clear floor obstructions but the potentud exlsts for 
staclung Type B shppmg contamers to a second tier m Room 170 d m g  the actual transport 
vehicle loadmg and unloadmg procedures Thls second ber staclung hazard is not a threat to 
Type B shppmg contamers Waste contamer loads on forklifts may be reqwred to be msed to 
heights sufficient to allow for staclung o f  the contamers (I e ,  up to four hgh for drums and up to 
two hgh for boxes) Also, the waste drum loads may be located on pallets contamng up to 
4 contamers These rased loads on forklifts present a potential energy hazard that could result 
in (1) exposure of pyrophonc waste metal to atmosphere wth subsequent fires due to contaner 
drops and breach, (2) spill o f  contamer contents followng drop events, and (3) rearrangement o f  
container inventones wth subsequent cnticality events due to drops o f  contamers The waste 
container rased loads on forklift hazard is further evaluated and the activity interactions and 
protective features are identified in later sections o f  this report 

Stacked Waste Containers (Sub-hazard 8C) 

Part of the mission of the Building 991 Complex is to store on-site transportation 
approved shippmg containers containing plutonium, urmum, andor amencium contaminated 
wastes Waste container storage may require staclung of up to 4 drums or 2 boxes in some 
locations These The waste drums may be located on pallets contamng up to 4 containers 
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stacked waste contamers present a potential energy hazard that could result in (1) exposure of 
pyrophonc waste metal to atmosphere wth subsequent fires due to contamer falls and breach, 
(2) spill of contamer contents followng falling events, and (3) rearrangement of contamer 
inventones wth subsequent cnt~cality events due to contruner falling The stacked waste 
contamers hazard is further evaluated and the activity mterachons and protectwe features are 
identified m later sections of thls report 

4.1.8 Toxic, Hazardous, or Noxious Matenals (Hazard/Energy Source 9) 

General Industtral Chemcals (Sub-hazard 9A) 

The chermcal and other non-radioactive matenal mventory of the Bmldmg 991 Complex 
consists of a wde vanety of matenals due to the numerous tenant actmbes that have been andor 
continue to be conducted m the facilihes A total of 47different hazardous matenals were 
identified as bemg m the facility based on the ICMS and facility databases Many of the 
matenals on the list are no longer needed by the facility and w11 be removed over tune as excess 
chemcals Some of the hsted matenals are cunently bemg used as part of facility operabon and 
tenant achvibes In addbon to the listed chemcals, three new hazardous matenals and one 
repeated hazardous matenal were identified as part of the facility (1) asbestos m floor bles, 
ceilmg panels, and walls, (2) beryllium in some waste contarners, (3) lead (repeat) in pants on 
facility surfaces, and (4) polychlonnated biphenyls (PCBs) m transformer flu& and fluorescent 
lightmg Of these 50 hazardous matenals, 17 matenals exceed 1% of the lowest value of the 
correspondmg RQ, TQ, and TPQ quanuhes (z e ,  if a matenal has TQ, TPQ, and/or RQ assigned 
values, 1% of the lowest of the assigned value is compared to the estimated quantities of the 
matenal in the facility) %le the Safety Analysis would only be concerned with chemical 
inventones exceedmg the TQ or TPQ threshold quanhbes, those chemcals m excess of 1% of a 
threshold are presented to mdicate the types of chermcals that exist in the Bmldmg 991 Complex 
in any notable quanbtm relative to their hazard potenbal These 17 hazardous matenals are 
listed in Table 33 The hazardous matenals that exceed or have the potenhal to exqed a TQ, 
TPQ, or RQ threshold quanbty are shown in ztaZzcs m the table 
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Table 33 Chemicals / Hazardous Materials of Note in Building 991 Complex 

RQ 
TPQ 
TQ 

Materml 

100 1 to 5 
100 
1 

Lead RQ 10 1 to5 Room 130 
> 10 Throughout . 

Methylene Chlonde (m pamt removers) 
Nitnc Acid (worst case 94 5% by weight) 

RQ 1,000 45 to 50 

TQ 500 5 to 10 

Potassium Femcyanide (potassium Cyanide) 

Potassium Hydroxide (m developer, replenisher) 

Sodium Nitrite (m corrosion mhibitor) 

RQ 10 1 to5 
TPQ 100 

RQ 1,000 10 to 15 

RQ 100 25 to 30 

I I 1 PossibleLocations 

I RQ I 5,000 I 220 to 225 I Rooms 109,110,160 I Acetic Acid (m fixer, developer, replenisher) 

Asbestos (worst casefiiable) ' RQ I I I > I I Throughout I 
RO I 10 I I ~ >IO I Room158 

Cadmium (in nickel-cadmrum batteries) IO I > I O  Room 105,106, 

< I  Room 105 
107, 108 

25 to 30 Room 109,110 
5 to 10 Rooms 109,110 

Cumene Hyproperoxide (m adhesive) RQ 10 
TQ 5,000 
RQ 10 
RQ 10 

Cupric Chloride 

DibutylPhthalate (i resm) 
Hydrofluonc Acid I Rooms 109,110 

Hydroqumone (m developer, replenisher) 1 1 iii I 10to 15 I Rooms 105,160 

Rooms 109,110 

I I Polychlorinated BIpheryIs (PCBs) Outsirle and 
throughout --i Rooms 109,110 

I 25 to 30 Rooms 109,110,160 I % I I I Sulfuric Acid (pure and m fmer, replenisher) 

Xylene (m caulk) I 1 to 5 Rooms 105,109, I RQ I loo 1 I110,165 

Based on Table 33,  no hazardous matenal exceeds a corresponding TQ or TPQ quantity 
Five hazardous matenals are identified that potentdly exceed corresponding RQ values Only 
one chemical (cupnc chlonde) IS actually known to exceed its assigned RQ value Each of these 
hazardous matenals is discussed in later sub-sections 

The Building 991 Complex is not permitted to store Resource Conservation and 
Recovery Act (RCR4) wastes There is a RCRA Satellite Area for the accumulation of  spent 
nickel-cadmium batteries in support o f  a tenant activity, whch is discussed in the Battenes 
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sub-section The chemical hazard associated wth the RCRA controlled waste in the facility is 
very small and is not a concern The Budding 991 Complex is currently not permitted to store or 
stage TSCA wastes, which are discussed under the PCB sub-section 

Mechanical Internon 

Due to the limited quantibes o f  hazardous matenals (I e ,  quantities in the Budding 991 
Complex do not exceed threshold values) general industnal chemicals, excluding those discussed 
below, are considered a Standard Industrial Hazard and wll not be further evaluated 
Interactions of the hazard wth activities are shown 111 Table 34 

Limited quanbbes Quanbty control [ORG. SBIH] 

no 

Table 34 General Industrial Chemicals Hazard Activity Interaction 

Thermal Interaction 

Worker Safety 

MantamdRcprun I I I 1 I I I I 
Inspecrnests I mav 

no 

Yes Physical bamcrs Chemical package [Sam 

Protective features crehted m the deternabon that general industnal chemicals are a 
Standard Industnal Hazard are shown m Table 35 

Table 35 General Industrial Chemicals Hazard Protective Features 

I ISSUE f AppiiCX3LE j GENERALPEATVREmWORj "." 3. CREDlTEDG-mm 1 
1 P  1 

Toxic I Yes I contamment I Chemical package [S&IHl I 
I I I 

Chemical Interaction I yes I ScDaration h m  radioact~ve matenals I Cumnt confieuratron control ICONFIG. EPWMl 

I Protcchve clothing, eyewash & safety showers, 
nsplrators [SBrIH] I Protective equipment I 

Administrative Chemical inventory, area rtstnct~ons, area surveys, 
mamtenance work cvaluabon, work control, 
posting, training [SBrIH, ORG, MAMT, WORK, 
TRAM1 

C u ~ n c  Chlonde, Dihydrate (Sub-hazard 9B) 

The total complex contents of cupnc chlonde are between 25 and 30 pounds as compared 
to a RQ value of 10 pounds The chemical is evenly distnbuted in 5 separate contamers, located 
in Rooms 109 and 110 @art of the metallography laboratory), and each individual contamer is 
below the RQ threshold Since cupnc chloride has no defined TQ or TPQ value, it can be argued 
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that the domnant nsk from th~s chemical is to the IW andor the environment and the chemical 
does not pose a sigmficant nsk to the CW or the public Also, the chemical is not located near 
any waste storage areas and poses no threat to waste contamer storage inventones Due to the 
location of cupnc chlonde away from radioactive matenals and the low CW and public 
consequences associated wth a chemical release, the toxlc, hazardous, or noxlous chemicals 
hazard associated wth cupnc chlonde is considered a Standard Industrial Hazard and wll not 
be further evaluated Interactions of the hazard wth achvibes are shown UI Table 36 

^ _ I  3$sm 
Toxic 

Mechanical Interamon 

Chemical Intemon 

Thermal Interaction 

Worker Safety 

I Table 36 Cupric Chloride Hazard Activity Interaction 

Appl;ltcABLE ~ C ~ J Z R A L F E X T U R E ~ ~ O N  CpEblTED-Wd- 
Yes Containment Packase Wnrl 

no 

Yes S e p m o n  from radioactlve materials Current configwatton control [CONFIG. EPWM] 
no 
Yes Physical bamen Chemical package [S&W 

Limited quanbtm Quanbty control [ORG, Saw 

Protective equipment 

Administrative 

Protective clothing, eyewash & safety showers 
[S&IHl 
Chemical inventory. area surveys. work control, 
postings, training [SaIH, WORK, TRAlNl 

Protectwe features credited UI the detemnabon that cupnc chlonde IS a Standard 
Industrral Hazard are shown m Table 37 

Bervllium (Sub-hazard 9C) 

Beryllium metal parts are located in multiple 55-gallon drums in Room 158 (classified 
vault) The amount of beryllium is greater than the RQ threshold of 10 pounds Beryllium has 
no defined TQ or TPQ values The only possible type of CW or public exposure is through 
inhalation According to data in the Risk Assessment Information System (RAIS), a database 
mamtained by the Oak hdge National Laboratory, (Ref 22), acute toxicity effects occur at 
concentrations above 100 grams of beryllium per cubic meter Carcinogeruc effects of beryllium 
inhalation are related to long-term (1 e ,  occupational) exposures It is not expected that any 
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accident involving beryllium would result in concentrahons at the CW and public exceeding 
100 g/m3 Also, any exposure would be short-term Therefore, the tomc, hazardous, or noxious 
chemicals hazard associated wth the beryllium inventory is considered a Standard Industrial 
Hazard and w11 not be further evaluated Interactions of the hazard wth activibes are shown in 
Table 38 

Chemical Interaction 

Thermal Interaction 

I Table 38 Beryllium Hazard Activity Interaction 

~~ 

no 

no I 

I OperatesNxslManlpulaoves 
MarntsudRepain 

Worker Safety 

Inspectsfrests I I I I I I t Yes 

Yes Physical bamea none 
Protect~vc equipment none 
Admmstrr&ve Current matenal form control [EPWM, Sanr] 

Protective features credited in the determinabon that beryllium is a Standard Industrial 
Hazard are shown rn Table 39 

I Table 39 Beryllium Hazard Protective Features 
I 

Asbestos (Sub-hazard 9D) 

Containenzed wastes wth asbestos may be generated rn the Buildmg 991 Complex The 
asbestos currently exists in some floor tiling (particularly in the south-west area of  the basement), 
potentially exists in some ceiling tiles, and potentially exists in some room partibons or walls 
The exact amount of  asbestos, particularly fhable asbestos, is not known but the fhable asbestos 
is assumed to exceed the RQ threshold of  1 pound Asbestos has no defrned TQ or TPQ value 
The dispersibility of asbestos in the floor tiling and ceilrng tiles and in waste contamers is 
currently limited, but the asbestos does pose a nsk to the JW if  the matenal is lsturbed 
According to RAIS (Ref 23), the acute toxicity effects associated with inhalation of asbestos are 
temporary breathmg difficulties These breathing difficulties were due to “hgh concentration” in 
an occupational setting According to RAIS, subchronic and chromc toxlcity effects are due to 
long-term exposure (at least 6 months) in an occupational set-hng Carcinogemc effects ar also 
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related to long-term exposures Any CW or public exposure to asbestos would be short-term and 
would only be expected, at worst, to cause the acute tomcity effects descnbed above Therefore, 
the chemcal hazard associated wth asbestos is considered a Standard Industrial Hazard and 
wd1 not be further evaluated. Interactions o f  the hazard wth activities are shown m Table 40 

h t c c t ~ v e  equipment 

Administrative 

I Table 40 Asbestos Hazard Activity Interaction 

Rotect~ve clothing, respirators (S&I€Ij 

A m  ttstnctlons, aeta surveys, muntcnancc work 
evalumon, work control. posbngs, trmmg [=I€& 
ORG, MAINT, WORK, TRAIN] 

I I I I I I I Y= 

Protectwe features c d t e d  111 the determmahon that asbestos is a Standard Industnal 
Hazard are shown rn Table 41 

Table 41 Asbestos Hazard Protective Features I 
I 

Chemical Interaction I no I I 
Thermal Interaction I no 
Worker Safcty 

-L 
Physical bamcn Cumnt configuration control, waste contarnem 

[CONFIG, S&IH, EPWM] I 

Polychlonnated Biphenyls (PCBs) (Sub-hazard 9E) 

Containenzed wastes wth TSCA-regulated PCBs may be generated in the Building 991 
Complex but a permit must be obtained for a staging area location pnor to generating the waste 
Controls mandated by TSCA regulations are credited as preventive and mitigative measures 
before the PCBs are transferred to a permanent TSCA storage area outside of  the Building 991 
Complex The PCBs currently exist in the fluds of  some transformers (one in Room 130 and 
two outside) and potentially exists in some fluorescent lighting fixtures The exact quantity of  
PCBs in the Building 991 Complex is not known, but it is expected that the total quantity 
exceeds the RQ of 1 pound PCBs have no defined TQ or TPQ values The PCBs that may exist 
in the lighting fixtures are not readily dispersible but the transformer fluid PCBs can be 
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dispersed PCBs in waste contamers could be released d a g  a fire or spill A fire involvmg 
PCBs would volatilize some o f  the PCBs and allow them to be transported away from the 
immediate area The volatilized PCBs could result in CW or public exposure through inhalation 
Accordmg to RAIS (Ref 24), acute toxlcity effects expected mclude anorexia, nausea, edema, 
abdominal pain, ocular discharge, and burmng sensations m the slun and eyes, although no 
specific data exists Subchroruc toxicity effects are documented as mild to moderate chloracne m 
50% of  workers exposed to 0 1 mg/m3 for an average of 14 3 months Suspected carcmogenrc 
effects o f  PCB inhalation are related to long-term (i e ,  occupabonal) exposures Exposure o f  
both the CW and public would be short-term Due to the low CW and public consequences 
associated wth a chemcal release of PCBs, the chemcal hazard associated wth PCBs is 
considered a Standard Industrial Hazard and wll not be further evaluated. Interacbons of the 
hazard wth activities are shown m Table 42 

k 
ISSUE APPLICABLE G E W R A L F E A T U R E F U N ~ O ~  :"' C R l C D l T E D ~ F E A T U R E S  

Toxic Y= Contiunment Cumnt configwatton control, watt containers 

Mechanical Interaction no 
Chemical Interaction no 

Thermal Interaction no 

Worker Safety Yes Physical barriers Cumnt configuratmn control, waste containers 

[CONFIG, S&IH, EPWMI 

[CONFIG, S&IH, EPWM] 
Protective equipment Protective clothing [S&IN] 

Administrative Mamtenancc work evaluation, work control, 
postmgs training [S&IH, MAIN", WORK, TRAM] 

t -  
Table 42 Polychlorinated Biphenyls Hazard Activity Interaction 

T 
* *  

Protectwe features crelted m the deternunabon that polychlonnated biphenyls are a 
Standard Industnal Hazard are shown m Table 43 

Table 43 Polychlorinated Biphenyls Hazard Protective Features 

Lead (Sub-hazard 9F) 

Containenzed wastes with lead may be generated in the Building 991 Complex but wll 
Controls mandated by RCRA require a RCRA satellite storage area for temporary staging 
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regulations are credited as preventive and mibgative measures before the waste lead is 
transferred to a permanent RCRA storage area outside o f  the Budding 991 Complex In addition, 
non-waste lead exlsts as a constituent in a sealant found in two contsuners The lead potentially 
exlsts in some panted surfaces (I e ,  lead based pants) and potentially exrsts in some battenes 
(see Butteries (Sub-hazard 9G) sub-secuon) used 111 the complex The lead m battenes and the 
pant is relatively difficult to disperse, but the potential exists that lead in pamted surfaces could 
become dispersible as the p u t  peels from the surface as it is disturbed The exact amount o f  
lead, parhcularly hspersible lead, is not known but the lead is assumed to exceed the RQ 
threshold o f  1 pound Since lead has no defined TQ or TPQ value, it can be argued that the 
dormnant nsk fiom tius hazardous matenal is to the IW and/or the enwonment and the matenal 
does not pose a sigmficant nsk to the CW or the public The dispersibility o f  the lead is 
currently lunited, but the lead may pose a nsk to the IW, if the matenal is hsturbed Due to the 
lack o f  dlspersibility o f  the matend, the toxlc, hazardous, or nonous chemicals hazard 
associated wth lead is considered a Standard Industrial Hazard and w11 not be further 
evaluated Interactions o f  the hazard wth actmbes are shown m Table 44 

ISSUE 
Toxic 

Mechanical Interaction 

I Table 44 Lead Hazard Activity Interaction 

APPLIWLE cEljERAlLFEA+rcmEm#lm -~mcmRALmTuREs 
Yes Containment Cumnt configuration control, waste mnmncrs 

no 
[CONFIG, S&M, EPWM] 

I 

Protective equipment 

Administrative 

Protectwe features credited 111 the determmhon that lead is a Standard Industnal Hazard 
are shown m Table 45 

Protective clothing [SLIH] 

Area restrictions, area surveys, maintenance work 
evaluation, work control, postings, training [S&IH, 
ORG. MAINT, WORK, TRAM] 

Table 45 Lead Hazard Protective Features I 

Chemical Interaction I no I I 
Thermal Interaction I no I 

yes I Physical bamers I Worker Safety I Cumnt configuration control. waste contiunen I [CONFIG, S&IH, EPWM] 
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Battenes (Sub-hazard 9G) 

Battenes contsumng lead exist m the facility In addtion, a RCRA satellite storage area 
in Room 106 is used to accumulate spent nickel -chum battenes Controls mandated by 
RCRA regulabons are crehted as preventive and mibgative measures before the mckel-cadmum 
battenes are transferred to a permanent RCRA storage area outside of the Buldmg 991 Complex 
The dispersibility of the hazardous constituents of the battenes is relatrvely low and these 
hazardous matenals do not pose a significant nsk to the CW and the public Due to the lack of 
dispersibility of the hazardous matenals found in battenes, the toxlc, hapudous, or noxlous 
chemcals hazard associated wth battenes are considered a Standard Industrial Hazard and 
w11 not be further evaluated Interactions of the hazard wth actmhes are shown m Table 46 

Mechanical Intc-on 

Chemical Intcracuon 

I Table 46 Batteries Hazard Activity Interaction 

no 

no 

I 1 may MatntaudRcpun I I I 
InSDects/rcstS I I I I may 

Thermal Interaction 

Worker Safety 

Protectrve features credted m the deternunabon that battenes are a Standard Industnal 
Hazard are shown rn Table 47 

no 

Yes Physical barriers Component package. wastc container [SQIH, 

I Table 47 Batteries Hazard Protective Features 

Protective equipment 

Administrative 

E P W  

r=wl 
Protective clothing. eyewash & safety showers 

Component mspectlons, work control, training 
[S&IH, WORK, TRAM] 

Diesel Fuel (Gasoline) (Sub-hazard 9H) 

Diesel fuel or gasolme currently exists in a Building 989 1 80-gallon diesel generator day 
tank, in a 1,000-gallon diesel generator fuel tank located above ground and east of  Buildmg 989, 
and in the gasoline tank of the drum crusher in Building 984 Since diesel fuel and gasoline have 
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no defined RQ, TQ, or TPQ values, it can be argued that the dominant nsk, if any, from these 
chemicals is to the IW andor the environment and the chemicals do not pose a sigruficant nsk to 
the CW or the public The nsks associated wth the use of diesel fuel or gasoline is a commonly 
accepted nsk by the public Due to the low CW and public consequences associated wth a 
chemical release, the tomc, hazardous, or noxious chemicals hazard associated wth diesel fuel 
and gasoline is considered a Standard Industnal Hazard and wl l  not be M e r  evaluated 
Interactions of the hazard wth activities are shown in Table 48 

INTElumoN 

opcnucslllses/Manlpulatcs/Mov~ 

MunmndRepara 

I n s p c m e s t s  

L 

s A-8 

;tail& J CON G E N < M A n r r  SNM WASI’E RA SURV 

Y= 

may 

Protective features credted 111 the deterrmnabon that diesel fuel is a Standard Industrral 
Hazard are shown in Table 49 

Mechanical Interaction 

Chemical Interaction 

Table 49 Diesel Fuel (Gasoline) Hazard Protective Features 

I ISSUE 1 APPL?wb& 1 GENJCRALFEATUREmMcLlON 1 CREDITED GEIvEwr.lrEATuREs 1 ? I  1 

no 
no 

I 
Thermal lnteraction 

Worker Safety 

~ ~~ 

no 

Y= Physical bamers Stolage tanks [sanq 
Protect~ve equipment none 
Administratrve Chemical inventory, work control, tmnmg [SBrlH, 

WORK, TRAM] 

4 1 9 Inadequate Ventdation (Hazardmnergy Source 10) 

Unventilated Tunnels and Areas (Sub-hazard 1 OA) 

Building 991 has several areas wth  limited a r  interfaces to the outside (1) Comdor B, 
Comdor C, and Buildings 996, 997, 999, (2) Corndor A and Buildmg 998 (Room 300), and 
(3) the basement of the facility The Comdor B set of areas is currently ventilated by the 
Building 985 exhaust fans and plenum The area can communicate wth Buildmg 991 (into north 
hallway) and with the outside (to the west dock area) A vault door separates the north part of 
Corridor B from the upper (“V”) portion of the inverted “Y” tunnel arrangement and potentially 
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restncts ax flow A loss of Burlding 985 ventilation could lead to stagnation of the cur behnd the 
vault door 

The CorndorA set of areas is currently venblated by a small exhaust system in 
Room 300 and the Building 991 exhaust fan and plenum The area can only commumcate wth 
Building 991 (into north hallway) A vault door separates the area fiom Bulldmg 991 A loss of 
Building 991 ventilabon, mcludmg the small exhaust system, could lead to stagnabon of the am 
behmd the vault door 

The basement is not ventilated It would appear that the doors mto the basement serve to 
ventilate the basement m a lmted fashon The area can commumcate wth Room 130 (ublibes 
room on ground floor) and wth the outside (to east dock area) Regular metal doors separate the 
basement fkom the two mterfaces m the basement is expected but no 
mechamsms exist for a r  displacement, oxygen deplebon, or noxlous gas entry The major 
concerns would deal wth the burldup of radon gas andor asbestos fibers 

Stagnation of the 

The stagnation of a u  m confined areas can lead to IW mjunes due to asphyxlation or 
nonous gas inhalation, m some cases The stagnant u has no lmpact on waste storage 
contamers and poses no nsk to the CW and the public Therefore, the madequate venblabon 
hazard associated wth unvenblated tunnels and areas is considered a Standard Industrial 
Hazard and w11 not be M e r  evaluated Interacbons of the hazard wth acbmbes are shown m 
Table 50 

I Table 50 Unventilated Tunnels and Areas Hazard Activity Interactton 
I 

Protective features credited in the detemnation that unventilated tunnels and areas are a 
Standard Industnal Hazard are shown in Table 5 1 
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Table 51 Unventilated Tunnels and Areas Hazard Protective Features 

ISSUE 
Asphyxianfloxic 

APPLICABLE GENERAL FEATURE FUNCXION CREDITED GENERAL FEATURES 

Y a  Monitor Area surveydmonitonng [ORG. SStlH, EPWMJ 
Cumnt confinuration control IORG. CONFIG1 Ventilate 

Mechanical Interaction 

Chemical Interamon 

Thermal Interamon 

Worker Safety 

no 

no 

no 

Physical bamcrs 

Pmtecttvc equipment 
Administtntm 

Lucked doors [ORG, s6M] 

Breathing au [S&Iw 
Area rcsmct~ons. uca swcys. work control. 

4.1.10 Material Handling (Hazard/Energy Source 11) 

Receiut and Shument o f  Waste Contamers at the Dock (Sub-hazard 11A) 

Part o f  the mission of the Bmldmg991 Complex is to receive and shp on-site 
transportabon approved shlppmg contamers contammg plutomum, m u m ,  andor arnenciuxn 
contarmnated wastes The conduct o f  these receipt and shlpment actwities presents a potenbal 
matenal handlmg hazard The handlmg of waste contamers could result m (1) exposure o f  
pyrophonc waste metal to atmosphere wth subsequent fires due to contamer breach, (2) spill of 
contamer contents following puncture events, and (3)remgement of contamers wth 
subsequent cnticality events due to contamer movements The receipt and shpment of waste 
contamers at the dock hazard is further evaluated and the acbwty mteracbons and protectwe 
features are idenbfied in later sections o f  thls report 

ReceiDt and Shmment o f  SNM Contamers at the Dock (Sub-hazard 1 1B) 

Part of the mssion of the Budding 991 Complex is to receive and sh~p DOT approved, 
TypeB shipping contamers contaming Category1 and II quanbhes of plutomum, uraruum, 
and/or amencium metals andor oxides The conduct of these receipt and shpment activibes 
presents a potential matenal handling hazard The handlmg of SNM contamers could result in 
(1) exposure o f  pyrophonc metal to atmosphere wth subsequent fires due to contamer breach, 
(2) spill o f  contamer contents following puncture events, and (3) rearrangement of containers 
wth subsequent cnticality events due to container movements The receipt and shlpment of 
SNM contamers at the dock hazard is further evaluated and the activity interacbons and 
protective features are idenbfied in later sections o f  th~s report 

Movement of  Waste Containers in the Facility (Sub-hazard 1 1 C) 

Part of the mission of  the Building 991 Complex is to store on-site transportation 
approved shpping contamers containing plutomum, uranium, andor amencium contaminated 
wastes that may require waste contamer movements for inspections, as a result o f  interactions 
wth other activities, dunng LLW container generation, or 111 order to remove specific waste 
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contamers The conduct of these waste contamer movements presents a potenhal matenal 
handling hazard The handling of waste contamers could result in (1) exposure of pyrophonc 
waste metal to atmosphere with subsequent fires due to contamer breach, (2) spill of contamer 
contents followng puncture events, and (3)rearrangement of contamers ~ t h  subsequent 
cnticality events due to contsuner movements The movement of waste contamers m the facility 
hazard is further evaluated and the activity interachons and protective features are identified in 
later sechons of &IS report 

4.1.11 Other Hazards (Hazard/Energy Source 13) 

Hvdroaen Generahon m Metal Waste Contamers (Sub-hazard 13A) 

Part of the mission of the Building 991 Complex is to receive, store, and then s h p  on-site 
transportahon approved metal, sealed shpping contamers contamng plutomm, uramum, and/or 
americium contanunated wastes The radioachve decay of the raci~ologcal waste matenal has 
the potenhal to mteract with hydrogenous waste matenals and produce hydrogen and oxygen 
gases Hydrogen and oxygen generahon in drums has led to a concern about potential for 
hydrogen explosion accidents (I e ,  contamer explosions) 

The Los Alamos Technology Office report, Plutonium and Uranium Solutions Safety 
Study (Ref 25), documents some early effort to understand the rad~olyhc hydrogen hazard m 
drums and tanks USQDs that have evaluated the hydrogen explosion nsk associated wth  the 
handlmg and the storage of drums mclude Movement of Drums Containing Umented Hyhogen 
Gas Within Building 371, USQD-371-95 0170-MDT (Ref. 26), and Movement and Storage of 
55 Gallon Drums zn Unfiltered Areas Suspected of Hmzng Hydrogen Accumulated in Drum 
Space, US@-RFP-95 01 80-DSR (Ref 27) Radiolyhc hydrogen generahon has been evaluated 
m several techcal  reports mcludmg Evaluation of Residue Drum Storage Safety Risks 
(Ref 28), and Safety Analysis of Hydrogen Generation in Drum Containing Plutonium 
Contaminated Materzals (Ref 29) Calculations to predict pressure nse m unvented drums due 
to radiolytx gas generation m drums are contamed in Nuclear Safety Calculahon, Building 
3 7I/3 74 BIO Support Calculation - Ejcplosions, 96-SAE-025 (Ref 30) Hydrogen explosions m 
metal waste contamers generate sufficient pressure to result m the loss of the contamer lid A 
concurrent fire involving the waste contamer contents is judged not to occur followng the 
overpressunzation and lid loss due to the rapidity and low energy of the excursion (Ref 3 1) The 
hydrogen generation in metal waste contamers hazard is further evaluated and the activity 
interactions and protective features are identified in later sections of this report 

Battery Charging Station (Sub-hazard 13B) 
Two battery charging stations exist in the Building 991 Complex (1) in Room 136 and 

(2) in Comdor B near the intersection of the three comdors forming an inverted “Y” ( z  e , stem 
of “Y” faces north) The battery charging stations support the re-charging of electnc forklift 
batteries The battery charging stations present thermal and explosion hazards that can 
potentially result in the initiation of a fire, burn personnel, and injure personnel from 
explosion-generated missiles No radioactive matenals are located in Room 136 or in the portion 
of Corndor B near the charging station 
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Room 136 lies between Room 134 (waste storage area) and Room 170 (potential waste 
storage area, waste receipt and shpment area) and has line of sight to some stored waste 
contamers in Room 134 Flres imtiated by the battery charging are expected to be confined to 
Room 136 due to the separation between the station and probable combustible loads in the 
facility Explosion generated rmssiles w~th sufficient energy to impact waste contamers are also 
expected to be confined to the battery charging station due to the separahon distance The 
ComdorB battery chargrng station is not located near any waste storage areas and fires or 
explosions at that smon would be confined to the comdor 

ISSUE q€'LiCA3+E GENERAL FEATURE RJNCl'ION 
P- 

Mechanical Interaction Yes Separation fium hazardous matcnals 

Due to the locabon of the battery charging stahons relative to any sources of radioactwe 
matenal, the thermal and explosion hazards associated wth the battery chargers are considered a 
Standard Industrial Hazard and wll  not be m e r  evaluated Interacbons of the hazard wth 
activities are shown rn Table 52 

Chemical Interactron 

Thermal Interaction 

I Table 52 Battery Charging Station Hazard Activity Interaction 

no 

Yes Separation from hazardous matends 
1 

Protecbve features credited 111 the determmabon that battery chargmg stat~ons are a 
Standard Industrial Hazard are shown in Table 53 

Worker Safety 

Table 53 Battery Chargmg Station Hazard Protective Features 

Separation from combustibles 

Yes Physical barriers 
Protective equipment 
Administrative 

Cumnt configmtnon mtrol [CONFIG, EPWM] 
~~~~~~~ ~~ ~~ 

Cumnt configuration control [CONFIG, EPWM] 
Combustible control FIRE] 
Component enclosures [S&IH] 
Protective clothing, eye shields [SBIH] 

Component inspection. work control, postings, 
traming, lockouthagout [S&IH, WORK, TRAIN] 

Tunnel Degradation and Leakage (Sub-hazard 13C) 

The Building 991 Complex has three sets of tunnels connecting Building 991 to 
Buildings 996,997,998, and 999 Comdor A connects to Building 998 (Room 300) Corridor B 
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connects directly to Bmldmg 996 and ComdorB 
Buildings997 and 999 
designated for waste contamer storage 

CorndorB connects to CorndorC and 
Buddings996 and 998 (Room300) are areas that are currently 

The degradation of the tunnels could lead to falure of the tunnel roof wth subsequent 
influx of soil from above The collapse of a tunnel could result in (1) exposure of pyrophonc 
waste metal to atmosphere wth subsequent fires due to contamer breach from structure unpacts, 
(2) spill of contamer contents followng contamer breach from structure Impacts, (3) spill of 
container contents followmg puncture events as a result of structure unpacts, and 
(4) rearrangement of contamer mventones wth subsequent cnbcality events due to contamer 
breach fiom structure unpacts The leakage of tunnels, other than actmg as a precursor to tunnel 
collapse, should pose no nsk to the IW (other than presentmg slippery surfaces), the CW, or the 
public due to the limted amount of water involved m the leakage (the tunnels are above the 
aquifer and leakage is a result of nun or snow melt percolatmg through the soil) The tunnel 
degradabon and leakage hazard is m e r  evaluated and the actwity mteracbons and protective 
features are idenbfied m later secbons of thrs report 

Diesel Fuel (Gasoline) Storage Tank Combmbles (Sub-hazard 13D) 

The Bmlding 991 Complex is supported by a backup power diesel generator that ublms 
a 180-gallon day tank and a 1,000-gallon fuel supply tank Burldmg 989 conbuns the day tank 
The fuel supply tank is located above ground and just east of Buddmg989 Also, the 
Building 991 Complex is supported by a drum crusher that ublms a small gasoline fuel tank to 
run the drum crusher motor The drum crusher is located m Bmldmg 984 Addlbonal diesel fuel 
quantities are associated wth transport vehcles, whch are ascussed m Secbon 4 1 4, Thermal 
Energy, Sub-hazard 5H No radioacbve matenals are located m or near Burldmg 989, and no 
radioactwe matenals, other than negligible amounts of contarmnabon, are located m or near 
Building 984 Fires associated wth the diesel fuel supplies for the dresel generator could unpact 
the complex electnc power supply, but the loss of electnc power to the complex is dommated by 
other electrrcal system falure modes Fves unpactmg backup power supplies would have little 
contnbution to the overall frequency associated wth complex loss of power Fms associated 
wth the gasoline fuel supply for the drum crusher would be mnor, due to the quanbty of fuel 
associated wth the drum crusher motor, and would only unpact equipment m Bmldmg 984 Due 
to the location of the fuel supplies relative to any sources of radioacbve matenal and the 
frequency dominance of other mtiators dealing mth loss of electrrc power over fires in the diesel 
generator building, the combustible matenal hazard associated with the diesel fuel (gasolme) 
storage tank combustibles is considered a Standard Industrral Hazard and w11 not be fixher 
evaluated Interactions of the hazard wth activities are shown in Table 54 

I 
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I Table 54 Diesel Fuel (Gasohne) Storage Tank Combustibles Hazard Achvity Interaction 

- ISSUE 

Mechanical Interaction 

Chemical Interactron 

Protechve features crelted m the determmahon that lese1 fuel storage tank combushbles 
are a Standard Industnal Hazard are shown m Table 55 

~APPLICUILE J GENERALFUTUREX@N~ON CREDlTEJlCENERALFEATURES 

no 

no 

Table 55 Diesel Fuel (Gasoline) Storage Tank Combustibles Hazard Protective Features 

i Thermal Interaction 1 S y s t m m a m t e n a n c e ~  
Cumnt c o n f i m o n  control [CONFIG, EPWM] 
Hot work control m] 
separate facility. locked facility [CONFIG ORG] 

none 
System inspcction/monitonng, mluntenance work 
evaluation, work control, postmgs, trainmg [SStIH, 
ORG. MAI'NT. WORK TRAMl 

Yes 

YG Worker Safety 

Mmnttnance of tank MIS 
Scpamon from hazardous matenals 

!kparation from ignihon sources 

Physical bamen 
Pmtcct~ve quipment 
Administrative 

Floor Loading (Sub-hazard 13E) 

The mssion for Bmldmg 991 UI the Bmldmg 991 Complex has changed sigmficantly 
from its ongmal design purpose The potenhal exlsts that the storage of waste contamers up to a 
fourth tier could exceed the design loading of the floor if the ongmal design was developed for 
floor loads that are sigruficantly lower than current, drum storage loads The falure of the floor 
due to waste contamer loads could result in (1) exposure of pyrophonc waste metal to 
atmosphere wth subsequent fires due to contamer breach, (2)spill of contamer contents 
followng container falls, and (3) rearrangement of contamers wth  subsequent cnticality events 
due to contamer displacement and collection in floor collapse region 

Waste contamer storage has already occurred in the facility with no evidence that the 
floor load capacity is being exceeded (I e ,  no craclung of the floor) However, the full capacity 
and subsequent floor loading of the facility has not been realized up to this point Also, the 
existing basement open areas are located under hallways rather than under waste storage 
locations There has been speculation that the onginal design of the facility included basement 
rooms that could be located under the waste storage areas Due to the uncertainty associated wth 
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the load capacity o f  the floor in Building 991, the floor loading hazard is further evaluated and 
the activity interacbons and protective features are idenbfied in later secbons of thls report 

Combustibles (Sub-hazard 13F) 
Part o f  the operation o f  the Building 991 Complex wll  include the mtroduction, staging, 

use, and storage o f  vanous combustible matenals Examples o f  combustibles that may be 
located in the facilities at vanous times include (1) wooden pallets from the receipt o f  empty 
waste drums for the drum crusher activity, (2) wooden waste crates (flame retardant wood) to be 
staged as empbes or stored contamng LLW, (3)comb~~t1ble/flammable liqutds stored in fire 
rated cabmets or m other contamers for use by tenant acbwbes (eg, developer and fixer 
solutions to be used by NDT activities), (4) construcbon matmals (e g ,  Moldmg) ,  and 
( 5 )  general Office Area combustibles (e g ,  furniture, paper, plasttcs) The presence of 
combusbbles does not necessanly present an m e d a t e  hazard but combustible loadmg m a 
facility can mcrease the consequences associated wth fires and potenhally can lead to facility 
fire mbabon if placed near igmbon sources Waste contamer storage areas are not generally 
used for the accumulabon or storage of combusbble matenals but transient combmbles may be 
temporanly located in these areas, and non-waste storage area combustible loadmg and 
subsequent fires may unpact conbguous waste storage areas The combmbles hazard is further 
evaluated and the acbvity mteracbons and protecbve features are idenbfied m later sections of 
thls report 

Natural Phenomena or External Event Induced F~res (Sub-hazard 13G) 

The Bwldmg991 Complex will contam vanous combmble materrals and igmhon 
sources d m g  operabon o f  the facility It is possible that natural phenomena or external events 
can result m facility fires by unpactmg the combmbles and igmbon sources Seismc events 
may result in natural gas line fiillure (mobile flammable matenal travels to an igmbon source), 
electnc power system short circuits (igmtion source that can act on nearby combusbbles), or 
breach o f  flammable liquid contamers (mobile flammable matenal travels to an ignibon source) 
that subsequently leads to a fire Lightrung (a natural phenomena igmbon source) may result in 
electnc power system short circuits (igmbon source that can act on nearby combushbles) or may 
act dlrectly on combustibles that can lead to a fire h c r a f t  crash external events can directly 
lead to a fire as a result o f  the iilrcraft fbel and heated matenals mvolved m the crash Range 
fires impacting vegetation near the facility can directly lead to fire impactmg external 
combustibles near the facilities The natural phenomena or external event mduced fires hazard is 
further evaluated and the activity interactions and protective features are idenbfied m later 
sections of  tlus report 

Natural Phenomena or External Event Induced SDills (Sub-hazard 13”) 

The Building 991 Complex wll contam radioactive matenals dmng operation o f  the 
facility It is possible that natural phenomena or external events can result m spills and punctures 
o f  the radioactive matenal containers (with subsequent matenal fires or cnticalities) by directly 
or indirectly impactmg the contamers Seismic events may result in toppling stacked waste 
containers, debns impacts on containers from ceiling component falures (e g , lighting, ducting, 
cranes) dunng the seismic event, or structure impacts on containers from seismic-induced facility 
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collapse that subsequently leads to a spill or puncture High wnds, tornadoes, and heavy snow 
may result in structure impacts on contamers fiom parhal facility collapse due to the loss o f  a 
load beanng wall (I e ,  static load from w n d  exceeds design capacity of  a wall) or due to the 
failure o f  the roof (I e ,  static load of  the snow exceeds design capacity o f  the roof) that 
subsequently leads to a spill or puncture In addition, tornadoes may result m debns unpacts on 
contamers by tornado-dnven missiles that subsequently leads to a spill or puncture Heavy ram, 
flooding (mternal or external), and freevng induced mternal floodmg may result m topplmg 
stacked waste contamers (I e ,  flowmg water dwng flood cames debns that unpacts stacked 
contamers) or structure unpacts on contamers from F a l  facility collapse due to the loss o f  a 
load bearing wall (I e ,  waters erode soils near wall footings) that subsequently leads to a spill or 
puncture k r a f t  crash external events may result m topplmg stacked waste contamers, debns 
impacts on contamers fiom amraft parts, or structure unpacts on contamers from partial facility 
collapse due to the wcraft penetration o f  a load beanng wall that subsequently leads to a spill or 
puncture The ~ h u r a l  phenomena or external event mduced spills hazard is further evaluated and 
the acbwty mteracbons and protecbve features are idenbfied m later sect~ons of  th~s report 

Natural Phenomena or External Event Induced Exdosions (Sub-hazard 131) 

The Bmldmg 991 Complex wll contam potenbally explosive matenals and potentially 
explosive waste contamers durrng operabon of  the facility It is possible that natural phenomena 
or external events can result m facility explosions (wth subsequent matenal fires or cnbcalibes) 
by releasing potentially explosive matenals Seisrmc events and amraft crash external events 
may result m natural gas h e  frulure (release of potenbally explosive matenal) due to frulure o f  
h e  or boiler supports or failure o f  any flammable gas contamers used by the facility 
(I e ,  propane gas cylmders used d m g  construcbon or mamtenance actmbes) due to structurai 
impacts fiom facility fadure or from awcraft debns H~gh wmds, tornadoes, and heavy snows 
may result in structure unpacts on flammable gas contamers used by the facility (I e ,  propane gas 
cylinders used dunng construcbon or mamtenance acbwbes) fiom partial facillty collapse due to 
the loss of  a load beanng wall (I e ,  static load fiom wmd exceeds design capacity o f  a wall) or 
due to the fsulure o f  the roof (I e ,  dynamx load from wdtomado or stabc load o f  the snow 
exceeds design capacity o f  the roof) that subsequently leads to an explosion In addibon, lugh 
wmds or tornadoes may result m debns impacts on natural gas lmes or boilers by 
wndltornado-dnven missiles that subsequently leads to a release o f  the gas Lightrung (a natural 
phenomena igmtion source) may act directly on potentially explosive matenals (z e ,  stnlung 
natural gas lines or propane cylmders) that can lead to an explosion The natural phenomena or 
external event induced explosions hazard is further evaluated and the activity mteractions and 
protective features are idenbfied in later sections o f  thls report 

Natural Phenomena or External Event Induced Cnticalities (Sub-hazard 13J) 

The Buildmg 991 Complex wll  contain radioactive matenals dunng operation o f  the 
facility It is possible that natural phenomena or external events can result in cnticalities (wth 
subsequent spills or matenal fires) by rearranging radioactive matenal containers Seismic 
events and aircrafr crash external events may result 111 toppling stacked waste contmners, 
rearranging the contamer configurations, that subsequently leads to a cnticality Heavy snows 
may result in structural filures leading to toppling stacked waste contamers, rearrangmg the 
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container configurahons, that subsequently leads to a cnhcality Heavy ram, floodmg (internal 
or external), and freezing induced internal flooding may result in toppling stacked waste 
contamers (I e ,  flowng water dunng flood c m e s  debns that impacts stacked contamers), 
rearranging the contamer configurations and addmg moderation (I e ,  water acts as a moderator) 
that subsequently leads to a cnticality The natural phenomena or external event mduced 
cnticalities hazard is further evaluated and the activity interactions and protectwe features are 
identified in later sechons of  h s  report 

4.1.12 Summary of Credited Protective Features For Standard Industrial Hazards 

The hazard idenhficahon process identified 44hazards or energy sources for the 
Building 991 Complex Of the 44 hazards, 22 hazards or energy sources were charactenzed as 
Standard Industnal Hazards that do not need to be carned forward for further hazard evaluabon 
or analysis Protectwe features for these 22 hazards were idenbfied and fall mto two general 
classes (1) protectwe features to ensure that the hazard r e m u  a Standard Industrial Hazard, 
termed Hazard Controls, and (2) protectwe features associated wth worker protemon agamst the 
Standard Industnal Hazard, termed Worker Controls Protective features placed 111 the Hazard 
Control class of  protectwe features must be carned forward mto the final control set specified m 
the Budding 991 Complex Techca l  Safety Reqwements (TSRs) 

The idenhfied protectwe features associated wth each Standard Industnal Hazard were 
related to SMPs defined m Chapter 3,  Safety Management Program, of the FSAR Table 56 
summarizes the protectwe features for each SMP and classifies the protective features as a 
Hazard Control or a Worker Control The hazarddenergy sources credting the protectwe feature 
are listed followmg each protective feature The Hazard Controls idenbfied for a SMP precede 
the Worker Controls for the SMP m the table to allow for qwck idenbficabon of  protectwe 
features that need to be camed forward mto the TSR control set For protectwe features that are 
classified as a Hazard Control, the table promdes discussion about what Safety Analysis 
assumption is mutamed by the credited protective feature 
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Table 56 Credited Protective Features for Standard Industrial Hazards 

a 13 8 kV Transformers. 
Heated Water, 
Electric Heaters, 
Bcscl Generator, Day Tank, Battcncs, 
Compressed Air, Compressors, 
Drum Crusher, 
Rotatmg Machinery, 
Overhead Cranes. 
Battery Charging Station, 
Diesel Fuel (Gasoline) Storage Tank 

Combustibles, 
b X - ~ ~ Y D C V I C ~ ,  
C Heatedwater. 
d Compressed Air, Compressors, 

Current configuration control 

Cupric Chlonde, 
Asbestos, 
Polychlonnated Biphenyls, 
Lead 

I e General Industnal Chemicals 

, Diesel Generator, Day Tank, Battenes, 

ORG 

CONFIG 

Quantity control 
General Industrial Chemicals, 
Cupnc Chlonde 

Source control 
SealedSources 

Device control 
x-rayDCvice 

System monitonng 
Heatedwater; 
ElemcHeaters, 

Compressed Air, Compnssors, 
Rotatmg Machinery. 
Dicsel Fuel (Gasoline) Starage Tank 
Combustrbles 

Locked facility/doors 
Diesel Generator. Day Tank, Battcnes, 
Unvcnthtcd Tunnels and Arcas. 
D~escl Fuel (Gasoline) Storage Tank 

Drcsel Generator. Dey Tank, Battens, 

I Combusbbles 
I Arcarestnctlons 

General Industrial Chemicals, 
Asbestos, 
had. 
Unventilated Tunmls and Arcas 

Ouanhh control 

h a  monitomg 
Unvcnhlated Tunnels and Areas 

Current configuration control 
Unventilated Tunnels and Arcas 

Current configuration control 

Unventilated Tunnels and Areas 
Separate facilitv 

' Diesel Fuel (Gasoline) Storage Tank 
Combustibles 

CLASSIFICATION 
Hazard Control 

Worker Control 

Worker Control 

Worker Control 

Worker Control 

Worker Control 

Workcr Control 

Worker Control 

Worker Control 

Hazard Control 

Worker Control 

Worker Control 

~~ 

R E e F O R  HAZARD CONTROLS 
Mantains assumphons of the Safety Analysis 
that the chemical hazards pose no nsk to CW 
or public 

Mantams assumphons of the Safety Analysis 
that the hazard 
a mans separate from hazardous 

m a l .  
b remans remote from CW and public, 
c nmans relattvely low temperature. 
d remains relatively low pnssurc, 
e remans separate from radioactive 

matenals 
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Table 56 Credited Protective Features for Standard Industnal Hazards 

PROTEczlvE FEATURE 
No contatner opening 

Contamination 

SMP 
EPWM 

FIRE 

S&IH 

CLASSIFICATION 
Hazard Control 

No contatner opening 
Contamim&on 

Current matcnal form control 
Beryllium 

Contamer or Wastc Contatner 
Asbestos. 
Polychlonnated Biphenyls, 
m, 

Current configuratron control 
a HeatedWatec 

Electnc Heaters. 
Diesel Generator, Day Tank, Battcnes. 
Comprcsstd Air, Compressors, 
h C N S h c r .  
RotaUng Machinery, 
Overhead Cranes, 
General Industrial Chemicals, 
Battery Charging Station, 
Diesel Fuel (&line) Storage Tank 

Combustibles, 
b h C r u s h e r  

Worker Control 

worker control 

Worker Control 

Hazard Control 

Hot work control 
Diesel Fuel (Gasoline) Storage Tank 

Hazard Control 

Battenes I 
Ana surveys Worker Control 

m -  EIec&c Hcatcrs, 
b 

Source package 
b ScalcdSourccs 

Zhcmical package 

Diesel Generator, Day Tank, Battenes 

General Industrial Chemicals 

Juantity control 
D General lndustnal Chemicals 

heed area 
1 13 8 kV Transformers 
nsulated enclosurelinsulation 
1 13 8 kV Transformers, 

Heated water 

Unventilated Tunnels and Anas I 
Combwble control HazardControl 

13 8 kV Transformers, 
ElectncHeatea, 
Diesel Generator, Day Tank, Baknes, 
Battew Charnine Station I 

Hazard Control 

Hazard Control 

Hazard Control 

Worker Control 

Worker Control 

CombmblA 
- 

I 
System m m o n  Worker Control 

REMARKS FORIUURD CONTROLS 
Maintatns assumptions of the Safety Analysis 
tha no significant contamination hazards arc 
expected 
Mantatns assumptions of the Safety Analysis 
that the hazard 
a rcma~ns separate from hazardous 

matends 
b rerrrmns exposed to limited radioactive 

matcnal 

M a n t a m  assumptions of the Safety Analysis 
htthc hazard remans separate from 
mrnbushbles 

M a n t a m  assumptions of the Safety Analysis 
hat the hazard remains separatc from igniaon 
ioucctS 

rlanmns assumpt~ons of the Safety Analysis 
hat the hazard IS contarned in nondispeaiblc 
om 
daintatns assumpbons of the Safety Analysis 
hat the hazard is contatned in a standard 
lackage 
Aainkuns assumptions of the Safety Analysis 
hat the chemical hazards pose no risk to CW 
ir oublic 
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Table 56 Credited Protective Features for Standard Industrial Hazards 

CombWbles 
- 

L o c k o u ~ o u t  I 

S&IH 
(continued) 

WodcerControl 

Roteclive equipment bowhazard specific) 
13 8 kV Transfomrs, 
HeatcdWatcr. 
Elecmc Heaters, 

Comprtssed Air, Compresson, 
DrumCrushcr, 
Rotating Machinery & Tools, 
General Industnal Chemicals, 
Cupnc Chlonde. 
Polychlonnatcd Biphenyls, 
had. 
Battcnts, 
Unvcntrlatcd Tunncls and Arcas, 
Battery Chargmg Statlons 

Dicsel Generator. Day Tank, Batteries 

Battery Charging Statlons 
Sourcc/chcmicaVcomponent package 

StalcdSourccs, 
General Industnal Chemicals, 
Cupnc Chlonde, 

CLASSIFICATION 

Worker Control 

Worker Control 

Sealed Sources, 

Sourceldevice inspection 
Sealed Sources, 

Devicelcomponent 
X-ray Device 

x-rayDevice 

X-ray Device 

W o r k  Control 

Worker Control 

Worker Control 

13 8 kV Tksformcrs, 
Sealed Sources, 

Heated Water. 
Electnc Heaters, 
Diesel Generator, Day Tank, Battcnes, 
Compressed Air, Compresson, 
Rotatrng Machmcry. 
Overhead cranes, 
General Industrial Chemicals, 
Cupnc Chlonde, 
AsbCStOS, 

Polychlonnated Biphenyls, 
h d ,  
Unvcntrlated Tunnels and Arcas. 
Battery Charging Statrons, 
Dicsel Fwl (Gasoline) Storage Tank 

x-ray Device, 

Banenes I 
Shielding Worker Control 

DrumCrusher I 
Piping/componcnts/rchef vdves/storage tanks I Worker Control 

Heated Water 
Compressed Air, Compresson, 
Diesel Fuel (Gasoline) 

Revision 2 
September 1999 

74 
BW1 Complex FSAR NSTR-011-98 Support I 



Table 56 Credited Protective Features for Standard Industrial Hazards 

SMP 
S&lH 

(continued) 

PROTECX'MCFEATURE 
System/component/tooI inspection/ 

HcatedWatctcr, 
ElcctncHcaters. 

Compressed Air, Compressors. 
DrumCrushcr, 
Rotatlng Machinery & Tools, 
ove~eadcrancs.  
Batteries, 
Battery Charging Statrons, 

Elevation 
ElcctncHeatcrs 

Heater/component enclosures 
ElectncHeaters. 
Rotatrng Machinery & Tools, 
Battety Charging Statrons 

Speed governors 

S U r V C l ~ ~ M C C  

Dicscl Generator, Day Tank, Battenes 

Diesel Fuel (Gasolme) Storage Tank 
Combusttblcs 

0 -  Rotatrng M ~ ~ ~ I W Y  TOOIS 
Chemical inventowlauantrtv control 

General Ind&al Chemicals, I Cupric Chloride. 
Di& Fuel (&lme) 

Area surveyslnstrrctronshocked doors 
General lndushral Chemicals, 
Cupric Chloride, 
Asbestos, 
Lead, 
Unventrlated Tunnels and Anas 

Current matenal fodwnfiguration control 
Beryllium, 
Asbestos. 
Polychlonnatcd Biphenyls. 
Lead 

System mamtenance 
a ElectncHeatcrs, 
b Diesel Generator, Day Tank, Batteries, 

Diesel Fuel (Gasoline) Storage Tank 
Combustibles 

Maintenance work evaluabon 
Rotating Tools 

Source use evaluatron 
SealedSources 

Mamtcnancc work evaluation 
Contamination, 
Heated Water, 
Electric Heaters, 

Compressed Air, Compressors 
Drumcrusher, 
Rotating Machinery & Tools, 
Overhead Cranes, 
General Industnal Chemicals 
Asbestos, 
Polychlonnated Biphenyls 
Lead, 

Diesel Generator, Day Tank, Batteries, 

Diesel Fuel (Gasoline) Storage Tank 
Com bust I bles 
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CLASSIFICATION 
Worker Control 

worker control 

Worker Control 

Worker Hazard 

Worker Control 

Worker Control 

Worker Control 

Hazard Control Mmtalns assumptions of the safety Analysis 
that the hazard 
a failure rate IS low due to system 

insulatlon mnanmg in place. I b contiunmentrcm&inplace 
I Mamtains wumptrons of thc Safely Analyss Hazard Control 

that the hazard ~ I U N  separated from I hazardous materials 

I Worker Control 
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Table 56 Credited Protective Features for Standard Industnal Hazards 

PROTECI'lVEFEATURE 
Source package quality 

ScaledSources 

SMP 
QA 

RAD 

TRAIN 

CLASSIFICATION 
Worker Control 

S o m  package 
ScaledSoms 

Shielding 
SealedSources, 
x-rayDcVlCe 

Protective equipment bob/hazard specific) 
ScaledSources. 
x-rayDevlcc. 
Contamination 

SourcJdcvice inspection 
SealedSources. 

Worker Control 

Worker Control 

Worker Control 

Worlter Control 

xiayDcviCc I 
Postings Worker Control 

0 x-rayDcviCc 
Confinements 

Contamination 
Area surveys 

ScalcdSources, 
x-rayDcviCc, 

Worker Control 

Worker control 

Contaminabon 
ALARA 

SealedSources. 
Worker Control 

Contammation I 
DcVlCc Worker Control 

Contamination I 
Radiation work ~ ~ n n i t s  Worker Control 

Contaminition I 
Training Worker Control 

13 8 kV Transformers, 
Sealed Sources, 
x-ray Dcvicc, 
Contammatron. 
Heated Water, 
Electric Heaters, 
Diesel Generator, Day Tank, Battenes, 
Compressed Au, Comprtssors, 
Drum Crusher, 
Rotating Machinery & Tools. 

General Industrial Chemicals, 
Cupnc Chlonde. 
Asbestos, 
Polychlonnated Biphenyls, 
Lead, 
Batteries, 
Diesel Fuel (Gasoline), 
Unventilated Tunnels and Arcas, 
Battery Charging Stations, 
Diesel Fuel (Gasoline) Storage Tank 
Combustibles 

Overhead cranes, 

Revision 2 

REMARKS FOREUZARD CONTROLS 

B991 Complex FSAR NSTR-011-98 Support I 



SMP 
WORK 

PROTECTIVE FEATURE 
Work control 

Rotating Tools 

Table 56 Credited Protective Features for Standard Industnal Hazards 

CLASSIFICATION 
Hazard Control 

13 8 kV Transformers. 
sealed sourccs, 
x-ray Device, 
Contamination, 
Heated Water. 
Electnc Heaters, 
Diesel Generator, Day Tank, Bantnes, 
Compressed Air, Comprtssors, 
Drum Crusher. 
Rotating Machinery & Tools, 
overhead cranes, 
General lndustnal Chemicals, 
Cupric Chlonde, 
Asbestos, 
Polychlonnated Biphenyls, 
Lead, 
Battcnes, 
D i d  Fuel (Gssoline), 
Unventtlated Tunnels and h a s ,  
Battery Charging Stations, 
Diesel Fuel (Gasoline) Storage Tank 
Combustibles I 

REMARKS FOR WWRD CONTROLS 
Maintluns assumptions of the Safety Analysis 
that the hazard ~mains separated from 
hazardous matenals 
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4.2 RADIOLOGICAL HAZARD CATEGORY DETERMINATION 

ISOTOPE 

(cnticality precluded) 
233u 

(cnticality possible) 
23su 

(cnticality precluded) 
2'5u 

(criticality possible) 
238u 

239pu 

(cnticality precluded) 

(criticality possible) 

24iArn 

239pu 

The DOE has provided gtudance on the determinahon o f  a nuclear facility Hazard 
Category in DOE-STD-1027-92 (Ref 3) The DOE Standard allows for the use o f  a facility 
inventory compmson to isotopic radiological thresholds, whch are provided m the attachment to 
the Standard, to determine an imtial nuclear facility Hazard Category The determmhon of a 
facility Hazard Category pnmanly focuses on the radiological matenal mventones o f  the facility 
but considerahon must be given to other hazardous matenals or hazardous operat~ons 

1 -HAZAXD CATEGORY 2 HLazhRD CA-Y 3 
RADXOlXlGICAL THRESHOLDS w1orx>crc~"s 

ACTNsrY(Ci) Q U A N l n r ( g )  ACTIVITY(Ci) Q U m Q )  

220 23,000 4 2  440 

4 8  500 not applicable not applicable 

240 1 10,000,000 4 2  1,900,000 

0 0015 700 not applicable not applicable 

240 7 10,000,000 4 2  13,000,000 

56 900 0 52 8 4  

28 450 not applicable not applicable 

55 16 0 52 0 15 

The Hazard Category o f  a nuclear facility is used, in part, to d e t e m e  if the facility is 
exempt from the requuements of DOE Order548023 (Ref 2) to develop a facility Safety 
Analysis Report (SAR) In addtion, the nuclear facility Hazard Category can be used as one 
considerabon in the Safety Analysis graded approach concept 

The Bwldmg 991 Complex nuclear facility Hazard Category is imhally d e t e m e d  using 
the isotopic ra&ological thresholds provided in the Standard The radiological isotopes of 
interest for the Burldmg 991 Complex include (1) 239pu in WG Pu, (2) "'Am m WG Pu and in 
lugher concentrations associated with residue wastes, (3) 233U in waste contamers and Type B 
shipping contamers, (4) usU m waste contamers and Type B shppmg contamers, and (5) u8U in 
waste contamers and TypeB shpping containers The corresponding isotopic dologica l  
thresholds are presented m Table 57 
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The Building 991 Complex may handle waste contamers wth maxlmum radioactive 
matenal loadings as presented in Table 16 and Type B shippmg contamers wth up to 
6,000 grams of WG Pu The predominant radioactiye matenals that wll be found in the 
Building 991 Complex are isotopes of plutomum blended wth some amencium rather than 
urmum Examination of Table 57 indicates that the gram quantity radiological thresholds for 
239Pu and 241Am are less than comparable uranium isotope ra&ological thresholds m all cases In 
addition, the radiological consequences of urafllum m TypeB shpping contamers or waste 
contamers is bounded by eqmvalent containers of WG Pu For the above reasons, the contamer 
inventones of m u m  isotopes are not of interest 

Since the 239Pu content of WG Pu is over 92% (see SARAH, Ref 8), Tables 16 and 57 
would mdicate that the upper bound WG Pu content of 5 TRU waste 55-gdon waste drums 
(approximately 920 grams of u?u), 1 POC (approxmately 1,155 grams of u%), 
4 TRUPACT I1 S W  contamers (approxlmately 1,180 grams of =%), or 4 metal waste boxes 
(approxlmately 1,180 grams of would exceed the Hazard Category 2 threshold for uh, 
even if a cnbcality is precluded Smce the Bmldmg 991 Complex can potenbally store 
thousands of waste contamers, the complex can be considered a Hazard Category2 nuclear 
facility n s  categonzabon would be true even if the waste contamers had mventones closer to 
LLW rather than the upper bound WG Pu content of TRU waste In addbon, a smgle, worst 
case IDC (I e ,  lughest amencium content) POC would exceed the Hazard Category 2 threshold 
for amencium 

Due to the potenbal = v u  content and potenbal "'Am content of the Bmldmg991 
Complex waste contamers, the Building 991 Complex is considered a Hazard Category 2 nuclear 
facility based on exceedmg the Hazard Category2 radiological thresholds for both of the 
isotopes even though DOE-STD-1027-92 indicates that the mventory found m the Type B 
shpping contamers does not have to be considered m the complex mventory 
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4.3 HAZARD EVALUATION 

5B 
5D 

4.3.1 Hazard Evaluation Process and Initial Hazard Evaluation 

Propane 5C NaturalGas 
bophonc Materials 5E Electric Power System 

As stated earlier, the hazard identification process identified 44 hazards or energy sources 
for the Budding 991 Complex Of the 44 hazards, 22 hazards or energy sources were 
charactenzed as Standard Industnal Hazards that do not need to be camed forward for further 
hazard evaluation or analysis The remarung 22 hazards or energy sources are further evaluated 
usmg a hazard evaluabon process pnor to perfomng an accident analysis for the Bulldmg 991 
Complex Table 58 presents the set of 22 hazards or energy sources from Table 8 that are to be 
considered m the hazard evaluabon process The numencal codes associated wth each hazard 
shown m Table 58 relate back to the general hazard category (e g ,  Radioactive Matenals, 
b e t i c  Energy) and the specific hazards under each category For example, Hazard7A 
corresponds to specific hazard A, Vehcles. Material Handlw Euumment, under general hazard 
category 7, Kinetic Energv 

1 1B 

13A 

13E 

Table 58 Building 991 Complex Hazards and Energy Sources to be Further Analyzed I 

Receipt and Shipment of SNM Containers 

Hydrogen Generation in Metal Waste 13C Tunnel Degradation and Leakage 

Floor Loading 13F Combustibles 

11C Movement of Waste Containers in the 
at the Dock Facility 

Containers 

I 4A I Category I and I1 SNM I 4B I Wastecontainers I 

131 Natural Phenomena or External Event 13 J Natural Phenomena or External Event 
Induced Explosions Induced Criticalities 

I 5H I TransportVehicles I 6C I Pressunzed Metal Waste Containers I 
I 7A I Vehicles, Matenal Handling Equipment I 8B I Raised Loads on Forklifts I 

8C Stacked Waste Contamers I I  11A Receipt and Shipment of Waste Containers I I attheDock 

I Natural Phenomena or External Event 
Induced Spills 

Natural Phenomena or External Event 
Induced Fires 

The hazards of most interest, in Table 58, are Hazard 4A, Catevorv I and I1 SNM, and 
Hazard 4B, Waste Containers The remaining hazards and energy sources either act on these 
hazards (e g ,  Hazard 7A, Vehicles, Matenal Handling Eauipment) or are subsets of these 
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hazards (e g ,  Hazard 5D, PvroDhonc Matenals) In support of  the hazard evaluation process, 
logic diagrams, as descnbed below, are developed displaymg the manner in whch each o f  the 
remamng hazards and energy sources act on Hazard 4A and Hazard 4B No chemical hazards 
are shown in Table58 because chemicals are adequately controlled as Standard Industnal 
Hazards Therefore, it is not necessary to determine how other hazards and energy sources act on 
the chemicals Whlle chemical releases are not M e r  evaluated, many o f  the filure 
mechamsms, developed below, that result in rahoactwe matenal releases would apply to 
chemical releases 

The radioactive matenal hazards are contamed or confined m vmous SNM and waste 
contamers The matenal has an mcreased hazard to the IW and is only a hazard to the CW and 
the public when it is released from its contamer due to a contamer fatlure or when a cnt~cality 
involving the matenal occurs The cnt~cality case can result 111 the release of  radoactive matenal 
that is not currently found m the contamers but is generated dunng the mtrcality event 
( I  e ,  fission products) However, the cnhcality event can also result 111 contamer falure due to 
over-pressumahon o f  the contamer Therefore, by idenhfying manners m which contamers can 
fail, mechmsms for radioactwe matenal release can be determmed 

Two classes o f  radioactwe matenal contamers are identified for assessment o f  falure 
mechamsms usmg logic diagrams (1) metal contamers and (2) wooden contamers Distmcbons 
between these two classes o f  contamers are made because some mechmsms for fatlure o f  the 
contamers are different (e g ,  wooden contamers can bum, metal contamers can overpressutlze) 
The logic diagrams for falures o f  metal contamers and wooden contamers are &splayed in 
Figure 1 and Figure 2, respectwely 

Figure 1 and Figure 2 &splay a logical connectron between the 20 applicable hazards and 
energy sources requuvlg further analysis (Hazard 4A and Hazard 4B are excluded) and contamer 
falure The far left o f  the logic diagram begins wth falure o f  the contamer. The next events 
shown m the figures deal wth a set of  basic phenomenological mechmsms leadmg to falure It 
IS assumed that no basic mechamsms for contamer falure exlst other than (1)mechmcally 
induced falure due to extenor events, (2) chemically induced fmlure due to mtenor and extenor 
events, (3)thermally mduced filure due to mtenor and extenor events, and (4)overpressure 
induced falure due to mtenor and extenor events Intenhonal openmg o f  contamers leading to a 
release is not considered and is prohibited by Admimstrative Controls 

Followng each basic phenomenological mechamsm, a senes of more detailed 
mechanisms are identified out to one or more of  the 20 hazards and energy sources (excluding 
4A and 4B) from Table 58 Generally, a single hazard or multiple hazards are listed at the end of  
the logic path In some cases, two sets of  hazards are listed and are separated by a plus sign, "+" 
I n  the two hazard set cases, the top set of  hazards deals wth a condition specification and the 
bottom set deals with an initiating event The natural phenomena and external event hazards are 
listed by specific event (e g , Seismic) rather than general event type (e g , Natural Phenomena or 
External Event Induced Spills) to aid in later analysis 
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Figure 1 applies to both Type B SNM shipping contamers and metal waste contamers 
unless specifically stated othenwse The followng assumptions are made m the development of 
the logic diagram for metal contamer failure 

(1) The Internal / Chemcal Failure path was not analyzed because 
the chemcal falure mechmsm is relatively slow, 

0 hghly corrosive matenals inside waste contamers w11 be prohbited wthout 
pnor neutralmttion, and 
free liqmds wide  waste containers wll be prohbited, 

(2) The External / Chemcal Failure path was not analyzed because 

the chemcal fsulure mecharusm is relatwely slow, 
there is sigmficant potential for dsovery pnor to fsulure, and 
hghly corrosive liquids in contamer storage areas w11 be prohbited wthout 
full secondary contamment of the liqwd bemg m place, 

(3) The Internal / Thermal Falure path was not analyzed because 

the mtemal fire must be sufficiently hot to melt through metal, and 
few combusbbles associated wth matenals in radioactwe matenal contamers 
emst at the Site wth sufficient combustion temperature to melt metal, 

(4) The Facility Fue / Thermal Falure path only mcludes Propane because 
the external fire must be sufficiently hot to melt through metal, 
few combusbon matenals exist wth sufficient temperature to melt metal, and 
the propane torch flame is assumed to dmctly impinge on the contamer in 
order to reach metal meltmg temperatures, 

(5) The Chemcal Flre / Rapid Rate / Internal / Overpressure Falure pa& was not 

the chemical reaction must be sufficiently fast to generate sipficant 
quanbhes of gas rapidly , 
few chemcal reactions associated wth matenals in waste exist at the Site wth 
sigmficant fast gas generation capabihhes, and 
mcompatible chemicals inside waste contamers wll  be prohbited 

developed because 

There are 28 paths through the logic diagram on Figure 1 Eight paths exist for the 
Mechanical Falure legs, one path exists for the Thermal Falure leg, and 19 paths exist for the 
Overpressure Falure leg (z e ,  8 paths for Cnticality, 8 paths for Matenal Fire (pyrophonc), and 
3 other paths) All 20 hazards and energy sources are used in the figure 

Figure 2 applies to LLW wooden waste crates The followng assumptions are made in 
the development of the logic diagram for wooden contamer failure 
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(1) The Internal / Chemical Falure path was not analyzed because 
0 the chemical falure mechanrsm is relatively slow, and 
0 hghly corrosive matenals inside waste contamers will be prohbited wthout 

pnor neutralizabon, 

(2) The External / Chemical Falure path was not analyzed because 
0 the chemical fmlure mechanism is relabvely slow, 
0 there is sipficant potential for discovery pnor to falure, and 
0 hghly corrosive liquids in contamer storage areas wll be prohbited wthout 

full secondary contamment of the liqud bemg m place, 

(3) The Internal / Thermal Falure path was not analyzed because 

0 there are a very lmted number of LLW mternal fire mechamsms, 
0 the predommant mssion for the Buldmg 991 Complex deals wth TRU waste 

rather than LLW, and 
0 mcompabble chemicals wide waste contamers wll be prohbited 

(4) Overpressure Falure, Matenal Flre (pyrophonc), and Cnbcality are not applicable to 

0 wooden contamers are not sufficiently sealed to retam gases such that an 
overpressure falure can occur, 
LLW wll not contam any pyrophonc matenal, and 

0 LLW cannot be configured m a manner to acheve a mticality 

LLW wooden contamers because 

There are 9paths through the logic diagram on Figure2 Eightpaths exlst for the 
Fifteen of the Mechmcal Falure legs and one path exlsts for the Thermal Falure leg 

20 hazards and energy sources are used m the figure 

A total of 37 paths to radioactwe matenal contamer falure have been identified Each 
path ends m a set of hazards andor energy sources fiom Table 8 These paths have mtermdate 
terms that deal wth the seven general types of accident scenanos listed m Table 7 Based on the 
informahon from the figures, the general types of accident scenanos associated wth each hazard 
or energy source can be detemned The results of that detemnabon are shown m Table 8 
under the “Remarks” column 
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Having defined a relationship between facility hazarddenergy sources and fsulure 
mechanisms of radioactwe matenal contamers, it is possible to begm release scenano 
development The approach taken for performing ths hazard evaluahon step considers the 
interaction of each logic path through Figure 1 and Figure 2 wth Building 991 Complex 
activities A matnx is developed relating each mtial scenano (I e ,  path through the logic 
diagrams) to each of the eight complex actimties The matnx is presented m the form of a table 
that presents the hazard evaluahon imtial results Table 59 lists the 37 scenarios to be evaluated 
and provides an identificahon code for the scenmo that w11 be used in later tables The order o f  
scenmo presentation 111 Table 59 follows the order of progression from the logc diagrams 

~~~~ 

Spill Scenano 2 

Spill Scenano 3 

Facility Explosion Scenano 1 
Spill Scenano 4 

Puncture Scenano I 

Puncture Scenano 2 
Puncture Scenano 3 
Facility Fire Scenano 1 

Contruner Explosion Scenmo 1 

Cnticality Scenano 1 

Cnticality Scenario 2 

Cnticality Scenano 3 

Cnticality Scenano 4 

TabIe 59 Scenarios to be Evaluated from Logic Diagrams 

~~ ~ ~ ~ 

Metal contamer spill (quipment unpact) 

Metal contluner spill (structure impact) 

Metal conmner facility explosion FEXPLO-1 
Metal contamer spill (stored contamer fall) 

Metal contamer puncture (forklrft. mtcnfional move) 

Metal contamer puncture (forklift mpact) 

Metal contluner puncture (structure mpact) 

Metal container facility fire (propane, duect flame exposure) 

SPILL-2 
SPILL3 

SPILL4 

PUNCT-1 
PUNCT-2 

PUNCT-3 
WIRE-1 

Metal contamer explosion (hydrogen) CEXPLO-1 
Metal contamer crtbcality (mtcnbonal move) CRIT- 1 

CRIT-2 
CRIT-3 
CRlT-4 

Metal contamer cnticality (drop dunng movement rearrangement) 

Metal concaner crtt~cality (equipment unpact rearrangement) 

Metal contamer mtrcalitv ~stnrcnue m ~ a c t  rearrangement) 

I Material Fire Scenario 7 I Metal contamer material fire (contamer puncture. forklift impact) I MFIRE-7 I 

I Cnticaiity Scenano 5 I Metal contamer cnbcalitv (facility exDlosion rearrangement) I CRIT-5 I 

~ ~ - ~ - -  ~ 

Matenal Fire Scenario 2 

Material Fire Scenano 3 

Material Fire Scenario 4 

Material Fire Scenano 5 

Metal contamer matenal fire (conmncr breach, equipment impact) 

Metal contruner matenal fire (contamer breach, facility explosion) 

Metal contamer matenal fire (contamer breach, structure impact) 

Metal contamer matenal fire (contamer breach, stored container fall) 

Material Fire Scenario 6 Metal container matenal fire (container puncture. forklift intentional move) 

I Cnticality Scenano 6 I Metal contamer cnticality (stored contamer fall rearrangement) I am-6 I 

MFIRE-2- 
WIRE-3 

MFIRE-4 
MFIRE-5 

MFIRE-6 

I Criticality Scenano 7 I Metal contamer cntIcality (icomct modexahon) I CRIT-7 I 

Material Fire Scenario 8 

Facility Fire Scenario 2 

I Cnticality Scenano 8 I Metal contamer cnbcality (mcorrect loading) I CRIT-8 I 

Metal container material fire (container puncture, structure impact) MFIRE-8 
WIRE-2 Metal container facility fire. (fuel fire) 

~~ ~ ~~ I Matenal Fire Scenano 1 - 1 Metal contruner matenal fire (contamer breach, during movement) 1 mm-i I 
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I Table 59 Scenarios to be Evaluated from Logrc Diagrams 

SCENARIO DESCRIPTION 
Facility Fire Scenano 3 Metal container facility fire (combustible material fire) 

CODE ’ 
WIRE-3 

I SDIII Scenano 5 I Wooden contamer s ~ i l l  (during movement) I SPILL-5 I 

Puncture Scenano 5 

Puncture Scenano 6 

Facility Fire Scenario 4 

Wooden contamer puncture (forklift impact) 

Wooden contruner puncture (structure unpact) 

Wooden contruner facility fire 

I Spill Scenano 6 I Wooden contamer spill (equipment impact) I SPILL-6 I 

PUNCT-5 
PUNCT-6 
FFIRE-4 

I spill sccnano 7 I Wooden contamer spill (structure impact) I SPILL-7 I 
I Facility Explosion Scenano 2 I Wooden contamer facility explosion I FEXPLO-2 I 
I Spill Scenano 8 I wooden contamer spill (stored contamer fall) I SPILL-8 I 
I Puncture ~cenano 4 I wooden container puncture (forklift, mtentiod move) I PUNCT-4 I 

The hazard evaluabon table (Table 62) is composed o f  m e  columns (I e ,  one column 
defmng the scenano and one column for each of the eight actiwhes) The type o f  mformahon 
presented in each of the columns is descnbed below 

Column 1 - SCENARIO: Th~s column defines the mtral scenario bemg evaluated It 
presents each o f  the 37 scenanos or logic paths defined m Figure 1 and Figure 2 The 
scenano 1s placed mto one o f  the seven types o f  accident scenanos defined 111 Table 7 and 
is given a numerical designation (e g ,  Spill Scenario 3) Assumptrons dealmg wth 
scenano prelmmaty consequence bm assignments are also presented m the column 
(I e ,  ummbgated releases assuming worst case ARRF values for the accident scenano 
type, non-lofted plume, and 9 5 ~  percent.de x/Q values for the CW are used to d e t e r n e  
mtial MAR thresholds for low and hgh consequence blns by assessmg agasnst the 
evaluahon guidelmes presented in Table 2) 

Columns 2 and greater - BUILDING 991 COMPLEX ACTIVITY: These columns 
of the hazard evaluation table d e t e r n e  an mtral nsk class (usmg Table 1) for each 
scenano under the corresponding activity If a particular actwty deals wth mulbple 
radioactwe matenal contamers (e g , WASTE deals wth LLW crates/boxes, TRU waste 
drums, TRU waste boxes, and POCs), the actiwty column wll addiess each type o f  
contamer in the evaluation A likellhood o f  the scenano occurnng under each achvity is 
determined talung no credit for any radioactwe matenal contamer integnty ( I  e ,  the 
likelihood that the achvity wll  place a contamer at nsk for the hazard being evaluated) 
Likelihood mformation is presented in terms of fiequency bin assignments A likelihood 
of falure ( z  e ,  container falure) is then presented for each contamer covered by the 
activity by crediting container integnty Assumptions dealing wth container integnty 
under vanous scenarios or other matters are presented separate from the hazard evaluation 
table A scenano potential MAR for each contamer covered by the activity is then 
developed using the mformation in Table 16 and Section 4 1 3, Radzoactzve MuteriaZs 
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(HazardErzergy Source 4) Based on the MAR thresholds for the scenarro presented in 
the first column of  the table, a scenano consequence bm assignment is made for each 
activity contamer Using the fiequency bm assignment for contamer falure and the 
scenano consequence bin assignment, a scenano mhal nsk class is developed for each 
activity and corresponding contamers usmg the Table 1 categonzahon scheme 

Table 60 presents the basis for the MAR thresholds that are used m the first column of the 
hazard evaluation table The thresholds are based on staying below CW evaluabon gudelmes 
using worst case ARRF values for the accident scenano type, non-lofted plume, Solubility 
Class W and 95’ percentile x/Q values (referred to as “worst case” spills, fires, explosions) The 
“Comments” column of  the table indicates whch matenal form ARRF value is used as a worst 
case Facility explosion scenanos are imtially assumed to lead to spill events and facility 
explosions use the MAR thresholds for spills 

Table 60 Initial MAR Thresholds for Scenario Consequence Determination 

Table 61 presents a listing o f  the general assumphons made (coded by the letter “ G  and 
applicable to an unspecified set o f  scenanos), assumpbons made (coded by the letter “A”), the 
protective features credlted (coded by the letter “F”), and reqwements specified (coded by the 
letter “R”) in the development of the hazard evaluahon table The “General Assumpbons” 
category covers assumptions made in the Safety Analysis that mhally do not apply to specific 
accident scenanos (I e , apply to many or all scenanos) versus the “Assumphons” category that 
applies to a few specific accident scenanos Except for the general assumptions, the scenanos to 
which each assumption, feature, or requirement applies are listed in the table along wth the 
impact of  the assumption, feature, or requlrement Table 62 and Table 63 present the hazard 
evaluation tables The hazard evaluation table was divided into two tables to support 
presentation The first table deals with Building 991 Complex activities that deal directly wth 
radioactive matenals (I e ,  GEN, SNM, WASTE, and SURV) The second table deals wth the 
remaining activities (I e ,  CHEM, CON, MAINT, and RA) The codes for the assumphons, 
credited protective features, or requirements from Table 61 are presented in the hazard evaluation 
table in each place that a “Likelihood of  scenano” entry is not Antrczpated and m each place that 
a “Likelihood of  failure” entry is not equivalent to the “Likelihood of  scenano” entry (I e ,  those 
places where something is credited to reduce the event likelihood) The Table 61 codes follow 
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directly after the likelihood designation and a bnef explanabon is presented after the code In 
contrast, the general assumptions made in the development of the hazard evaluation table are not 
specifically identified 111 the tables for applicable situations 

Table 61 AssumphonsKredited FeaturesRequirements in Hazard Evaluation Tables 

ASSUMF"ION/CRED~D %. 

LLW generated under the GEN 
activity has negliuble 
contammahon and will yeld 
low consequences m all cases 

LLW contamers contam no 
more than 0 5 grams (WG Pu 
equivalent) m metal drums and 
3 grams m wooden or metal 
boxes 

mA-Q- 

Assumption deleted Rev 1 

TRU waste contamers contam 
no more than 200 grams 
(WG Pu equivalent) m metal 
drums and 320 grams ID metal 
boxes 

A pallet of TRU waste drums 
contams no more than 4 drums 
and only 2 drums can be 
unpacted by forkhfi tmes 

POC contzuners contam no 
more than 1,255 grams 
(WG Pu equivalent) m metal 
drums and 200 grams (fissile 
matenal) m metal drums 

A pallet of POC drums 
contarns no more than 4 drums 
and only 1 drum can be 
unpacted by forklift tmes 
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SCENARIO 
CODE 

not specified 

not specified 

not specified 

not specified 

not specified 

not specified 

Sets the potcnhal consequences for 
many GEN mvity scenanos 

Sets the potenhal MAR for many 
scenanos unpactmg LLW contamem 
(3 grams for spills, punctures, and 
cnhcality potential) 

Sets the potenhal MAR for many 
scenarios unpactmg waste contamers 
(200 grams for faclllty fires and 
contamer explosions, 320 grams for 
facility fms, spills, punctures, contamer 
explosions, and cnhcality potenhal) 

Sets the potential MAR for many 
scenanos unpactmg pallets of waste 
contamers (800 grams for pallet spills, 
matenal fms, and cnticality potenbal, 
400 grams for pallet punctures and 
matenal fms) 

Sets the potential MAR for many 
scenanos unpactmg POC contamers 
(1,255 grams for facility fms and 
contamer explosions) 

Sets the potential MAR for many 
scenanos unpactmg pallets of POC 
contamers (5,020 grams for pallet spills, 
1,255 grams for punctures, 800 grams 
for cnticality potential) 
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Table 61 AssumptionsKredited Featureshtequirements in Hazard Evaluation Tables 

Type B contamers are assumed 
- to contam 6,000 grams 
(WG Pu equivalent) of oxide 

Type B contamers contamng 
pyrophonc matenal 
assumed to contam 

ASSUMP"ION/CRBDEEED 
FEATvRE/REQlmr;EN;rJ?".NT 
Type B contamers cannot be 
unpacted by activities other 
than the SNM and SURV 
activities due to theu storage 
location and safeguards 
restnctions 

not specified 

not specified 

scmmo 
CODE 

Type B shippmg contamers, 
POC contamers, and TRU 
waste contamers will not be 

not specified 

not specified 

I 

The CHEM, CON, GEN, 
MAMT, and SURV activibes 
requlre a very llmited amount 
of contamer movements 
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spILL-1 -A~~~/E/FIG 
SPILL-2-A/D/E/F/G 

PUNCT- 1 -A/D/E/F/G 
CRIT-1 -A/DWF/G 
CRIT-2-A/D/E/F/G 
CRIT-3-A/D/E/F/G 
MFIRE- 1 -D/E/F/G 
MFIRE-2-D/E/F/G 
MFIREX-D/E/F/G 

SPILL-5-A/D/E/F/G 
SPLLLd-AlD/E/F/G 

PUNCT-4-A/D/E/F/G 

ASSUMPTION/FEATI,FIW 
REQUIREMENT3MPACT 

Defmes the potential mteracoons and 
correspondmg types of contamers for 
many scenanos 

Sets the potential MAR for many 
scenanos rmpacang Type B contamers 
(6,000 grams for facillty fires, spills, 
punctures, and cnhcality potenbal) 

Sets the potentd MAR for many 
scenanos mpacting lLpe B pyrophonc 
matenal wntamcrs (2,000 grams for 
matenal fires) 

Defmes the potenbal mteramons for 
many scenanos 

Reduces the ldcellhood of some dvect 
mteraction scenanos dealmg with 
contamer movements, other than 
contamer explosion scenanos, by one 
fiequency bm 
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Table 61 AssumptionsKredited FeaturesRequirements in Hazard Evaluation Tables 

# 
A2 
- 

- 
A3 

A4 

- 
AS 

A4 

ASSUMF'TIONKREDITED 
FEATUREAUZOUIREMENl - 
Damagmg high wmds and 
heavy snows are anticpared 
events except over vaults, 
damagmg lightnmg stnkes are 
anticpated events, freemg 
events impactmg the complex 
are anticpated, damagmg 
heavy rams and floodmg are 
unfzkly events, facility 
collapse due to seismic events 
1s unlikely except for below 
ground vaults, damagmg 
tornadoes are unhhly events, 
damagmg range fms are 
extremely unlikely events 

Damagmg tunnel falure and 
floor loadmg fsulures are 
unlikely events, damagmg 
arcraft crashes are extremely 
unfikeZy events 

Natural gas system fsulure 
leadmg to an explosion 
unpactmg the facility is an 
extremely unlikely event 

Vault areas are not expected to 
3e lmpacted by facility 
:xplosions mvolvmg natural 
5 s  

The CHEM, CON, GEN, 
MAINT, RA, and SURV 
tctivities perform llmited 
>perations with matenal 
tandllng equipment 
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SCENARIO 
CODE 

SPILL3-A5/C 
PUNCT-3-A5/C 

CRIT-4-A/B/C 
MFIRE-3-B/C 
MFIRE-S-B/C 
SPILL-7-NC 

PUNCT-6-NC 

SPILL-~-A/B/C 
PUNCT-3-A/B/C 
CRIT-4-A/B/C 
MFIRE-3-B/C 
MFIRE-S-B/C 
SPILL-7-NC 

PUNCT-6-A/C 

FEXF'LO- 1 -A/C 
CRIT-5-A/C 

FExPLO-2-NC 

FEXPLO- 1 -B 
CRJT-5-B 

MFIRE-4-B 

SPILL-4-A/D/E/F/G/H 
PUNCT-2-A/D/E/F/G/H 
CEXPLO- 1 -A/E/F/G/H 
CRIT-6-A/D/E/F/G/H 

MFIRE-7-A/D/E/F/G/H 
SPILL-&A/D/E/F/G/H 

PUNCT-!j-A/D/E/F/G/H 

ASSUMPTION/FEATURE/ 
REOuiREMENT IMPACT 

Sets the llkelhood of natural phenomena 
events 

Sets the llkellhood of  some mternal and 
external events 

Sets the llkellhood for facility explosion 
events 

Reduces the Ilkelhood o f  contamer 
fsulure, for contamers located m vaults, 
bom scenanos dealmg with natural gas 
explosions to Beyond Extremely 
Unlikely 

Reduces the llkellhood of some mdlrect 
lnteraction scenanos dealmg with 
matenal handlmg equipment mpacts on 
3ther activity contamers by one 
Frequency bin 
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Table 61 AssumptionsKredited Features/Requirements in Hazard Evaluation Tables 

# 
A7 

A8 

A9 

A10 

A1 1 

A12 

A13 

I 

, 

ASSUMFMON/CREDlTED 
FEATlJlWREQVIREMENT 

waste generatlon under GEN 
and the expected locations for 
the activity, drrect exposure of 
the waste contamer to propane 
or other flammable gases is 
considered to be a beyond 
extremely unhkely event 

Due to the lmited amount o f  

The SNM aavity performs 
operations with matenal 
handlmg equipment m 
proxlmity to metal waste 
contamers but IS unIJkeZy to 
mteract with hydrogen 
generatmg waste drums 

At least 10 kilograms of 
plutonium oxide are requmd to 
yield a cntlcality mvolvmg 
waste matenal (Ref 32) 

SCENARIO 
CODE 

FFIRE- 1 -A 

CEXPLO- 1 -B 

CRIT- 1 -A 
CRIT-2-A/C/D/E/F/G 
CRIT-3-A/C/D/EF/G 

CR.IT-4-NC 
CFUT-5-A/C/F/G 

CRIT-6-A/B/C/D/WF/G/H 

Pyrophonc matenals (e g , 
uranium fmes) are not 
tntroduced mto the facility 
under the WASTE activity 

Assumption deleted Rev 1 

hnsport vehicle fires are 
unlikely events 

Due to the llmited amount o f  
waste generation under GEN 
md the expected locations for 
he activity, exposure of the 
waste contamer to transport 
vehicle fires is considered to be 
m unlikely event 

MFIRE-I -C/D/E/F/G 
MFIRE-2-C/D/E/F/G 

WIRE-3-C 
MFIRE-4-C/F/G 

MFIRE-5-A/C/D/E/F/G/H 
MFIRE-6-C/D/E/F/G 

MFIRE-7-A/B/C/D/E/F/G/H 
WIRE-8-C 

I 

FFIRE-2-A/B/C 

FFIRE-2-A 

I 

i W X M F T l O N m A m  
REQUIREMENTIMPACT 

Reduces the Ilkellhood of  GEN aChVity 
waste contamer failure fiom scenanos 
dealmg with dmct exposure to 
flammable gases ( i  e ,  torches) to 
Beyond Extremely Unlikely 

Reduces the Ilkellhood of  mdrrect 
mteracbon sccnanos dealmg with 
matenal handlmg equipment mpacts on 
other actrvity hydrogen generatmg 
contamers by one frequency bm 

Reduces the llkellhood o f  cnticalities 
from scenanos dealmg with less than 
10 lolograms of plutonium contammated 
waste to Beyond Exrremely UnIikely 

Reduces the Ilkellhood of  pyrophonc 
matenal waste contamer scenanos to 
Beyond Extremely Unlikely 

Sets the Idcellhood of  the event 

Reduces the Idcellhood of GEN activity 
waste contamer exposure to Scenarios 
lealmg with transport vehicle fires by 
me frequency bm 
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Table 61 AssumptionsKredited FeaturesRequirements in Hazard Evaluation Tables 

SCENARIO 
CODE 

FFIRE-2-AK 

- 
FI 

ASSUMPTIONfF'EATUREI 
REQUIREMENT IMPACT 

Reduces the ldcellhood of waste 
contamer falure fiom scenanos dealrng 
with transport vehicle fves by one 
frequency bm 

- 
F2 

Metal waste contamers are 
unlikely to be breached by 
non-forklift m e  lmpacts &om 
matenal handlmg equipment 
expected dunng operation 

- 
F3 SPILL-2-A/UDlEF/G 

MFIRE-2-C/D/E/F/G 

- 
F4 

- 
F5 

- 
F6 

POC contamers cannot be 
breached by matenal handltng 
equipment unpacts expected 
durmg operation 

Type B shippmg contamers are 
unlikely to be breached by 
structural member unpacts due 
to unpact angle requvements 
and weight needed to lead to 
failure 

ASSUMPTION/C!REDITED 

SPILL-ZC/D/E/F/G 

SPILL-3-B 
PUNCT-3-B 
CRIT-4-B 

MFIRE-3-B 
MFIRE-8-B 

FEATUREfRkQVlRElMENT 
Due to the lower ldcellhood 
that transport vehicle fves deal 
with the diesel fuel on the 
vehicle and the protection 
afforded by the cargo bed o f  
the trailer, transport vehicle fue 
propagation to waste contamers 
is an unlikely event 

I 

cannot be breached by falls 
fiom any heights expected 

CRIT-ZB/D 
MFIRE- 1 -B/D 

dunng operabon 

POC contamers cannot be SPILL-1 -C/D/E!F/G 
breached by falls from any 
heights expected dunng 
operabon 

Type B shipprng contamers 
cannot be breached by matenal 
handlmg equipment unpacts 
expected dunng operabon 

I 

Reduces the Ilkellhood o f  Type B 
shippmg contamer failure from scenanos 
dealmg wlth dropped contamers to 
BeyondExtmne& Unlikly 

Reduces the llkellhood of POC contamer 
fadm from scenanos dealmg with 
dropped contamers to Beyondfifremely 
Unlikely 

Reduces the Uellhood o f  metal waste 
contamer fhlm for scenanos deahg 
with matenal handlmg eqwpment 
mpacts with contamers, other than 
forklift me puncture scenarios, by one 
fiwluency bm 

Reduces the Uellhood of Type B 
shippmg contamer &lure h m  scenanos 
dealmg with matenal handhg 
equipment unpacts wth contamers to 
Beyond Extremely Unlikely 

Reduces the likellhood of Poc contamer 
falure fiom scenanos dealmg with 
matenal handlmg equipment unpacts 
with contamers to Beyond Extreme& 
VnItkely 

Reduces the Ilkellhood of  Type B 
shippmg contamer failure for scenanos 
dealmg with structural members 
unpactmg contamers by one frequency 
bin 

I I 
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Table 61 Assumptions/Credited FeaturedFtequirements in Hazard Evaluation Tables 

# 
F7 

I I ASSUMPTIONICREDI'IED I SCENARIO 
FEATURE/REQU€REMENT CODE 
POC contamers are unlikely to SPILL-3-c 

F8 

be breached by structural 
member mpacts due to unpact 
angle requlremmts and weight 
needed to lead to fatlure 

Type B shippmg contamers 
cannot be breached by any 
external flammable gas MFIRE-4-B 

FEXPLO- 1 -B 
CRIT-5-B 

explosions expected dunng 

PUNCT-3-C 
CRIT-4-C 

- 
F12 

F 10 

I I Operation I 

Metal waste contamers are 
unlikely to be breached by 
forklift tme unpacts due to 
mpact angle requlrements 
needed to lead to falure and 
waste packagmg 

r 
Type B shippmg contamers are 
extremely unlikely to be 
breached by forklift m e  
unpacts due to mpact angle 
requlrements needed to lead to 
failure and SNM packagmg 

POC contamers are extremely 
unlikely to be breached by 
forklift tme unpacts due to 
unpact angle requlrements 
needed to lead to failure and 
waste packagmg 

breached by any external CIUT-S-C/F/G 
flammable gas explosions 
expeckd dunng operat~on 

PUNCT- 1 -B/D 
MFIRE-6-BD 

PUNCT- 1 -C/D/E/F/G 
PUNCT-2-A/B/C/D/E/F/G/H 

- 
F11 

PUNCT- 1 -A/C/D/E/F/G 
PUNCT-2-A5/#D/E/F/G/H 

MFIRE-dC/D/E/F/G 
MFIRE-7-A/B/C/D/E/F/G/H 

Metal waste contamers are 
extremely unlikely to be 
breached by mternal hydrogen 
explosions due to metal waste 
contamer ventmg 

CEXPLO- 1 -A/B/C/D/E/F/G/H 

ASSUMPTION/FEATURE/ * 

R&QznREM3NTIMPACT 
Reduces the Idcellhood of POC contamei 
failure for scenanos dealmg with 
structural members unpactmg contamers 
by one hquency bm 

Reduces the Idcellhood of Type B 
shippmg contavla fadure from scenanos 
dealmg wth natural gas or propane 
explosions to Beyond hktremely 
Udlkely 

Reduces the Wtellhood of POC contamer 
failure h m  Scenarios dealmg with 
natural gas or propane explosions to 
Beyond fitreme& Unlikely 

Reduces the Ilkellhood of metal waste 
contamer failure for scenmos dealmg 
with forkldt tmes mpactmg contamers 
by one fkqucncy bm 

Reduces the Ilkellhood of Type B 
shippmg contamer fiillure for scenanos 
dealmg with forklift tmes mpacbng 
contamers by two hquency bms 

Reduces the Irkellhood of POC contamer 
fatlure for scenanos dealmg with forklift 
tmes mpactmg contamers by two 
frequency bms 

Reduces the llkellhood of metal waste 
contamer failure for scenanos dealmg 
with mternal hydrogen explosions by 
two frequency bms 
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Table 61 AssumptionsKredited FeaturesRequirements in Hazard Evaluation Tables 

F15 

F 16 

1 ASSUMPTI0NICREDl"ED I SCENARIO 

Type B shippmg contamers FFIRE-2-B 
cannot be breached by any FFIRE-3-B 
external fms expected dunng 
operation, except dmct flame 
unpmgement torch fires 

POC contamers cannot be FFIRE-2-c 

# 
F14 
- 

breached by any external fms 
expected dunng operabon, 
except dmct flame 
unpmgement torch fms 

F17 Flammable gas contamers are 
unlikely to be breached dunng 
use 

breached by any potential 
mternal hydrogen explosions 

FFIRE3-C/E/F/G/H 

FEXF'LO- 1 -FIG 
CRIT-5-F/G 
FFIRE-S-F/G 

FEXPLO-2-F/G 
FFIRE-4-F/G 

R4 

I I 

Type B shipping contamers 
shall be designed and used m a 
manner to preclude a cnticality 
as long as the contamers 
remain mtact 

Staclung o f  Type B shippmg 
contamers IS prohibited 

Propane or other flammable 
gases are prohibited from 
vaults while SNM is present 

Work controls are requlred to 
ensure that waste contamer 
dlrect exposure to propane or 
other flammable gas flames is 
an extremely unlikely event 
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SPILL-4-B 
CRIT-6-B 

MFIRE-5-B 

FFIRE- 1 -B 

FFIRE- 1 -C/F/G 

A!3S"ION/FEA"UKEY 
REQUIREMENTIMPACT 

Reduces the llkellhood o f  POC contamer 
failure from scenarios dealmg with 
mternal hydrogen explosions to Beyond 
Extremely Unlikely 

Reduces the llkelhmd of  Type B 
shippmg contamer farlure h m  scenanos 
dealmg with facihty fms, other than 
dlrect flame mpmgement torch fires, to 
Bqvondiktremely Unlikely 

Reduces the llkellhood o f  POC contamer 
faulure h m  scenanos dealmg with 
facility fires, other than dmct flame 
unpmgement torch fires, to Beyond 
Extremely Unlikely 

Reduces the llkellhood of explosion or 
f re  scenanos due to use of flammable 
gases by one f?equency bm 

Reduces the Ilkellhood o f  Type B 
shippmg contamer spills associated with 
stack topplmg to Beyond Extremely 
Unlikely 

Reduces the llkellhood o f  Type B 
shippmg contamer breaches associated 
with dmct flame unpmgement from 
torches to Beyond fitremely Unlike& 

Reduces the llkellhood of  metal waste 
contamer failure from scenanos dealmg 
with dlrect exposure to flammable gases 
( I  e ,  torches) to Extremely Unhkely 

CRJT-2-B/D 
CRIT-3 -B/D Extremely Unlikely 

shippmg contamer criticalities to Beyond 

CRIT-7-B 
CRIT-8-B 

I 
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Table 61 Assumptions/Credrted FeaturesRequirehents in Hazard Evaluation Tables 

Waste contamers m the 
Buildmg 99 1 Complex shall be 
designed and used m a manner 
to preclude a cnticality as long 
as the contamers remam mtact 

Requrement deleted Rev 1 

Requuement deleted Rev 1 

A combustible matenal and 
ignition source control program 
shall be mplemented to make 
fires m areas contammg staged, 
stored, or m-process ( z  e ,  GEN 
activity) radioactwe matenal 
unlikely events 

A hot work control program 
shall be mplemented to make 
flammable gas explosions m 
areas contsunmg staged, stored, 
or m-process (I e, GEN 
activity) radioactive matenal 
unlzkely events 

Type B shippmg contamers 
received at Buildmg 99 1 shall 
meet the requrements of 
1 -W89-HSP-3 1 1 1 

Revision 2 
Seotember I999 

SCENARIO 
CODE 

CRIT- 1 -C/D/E/FIG 
CRIT-7-C 
CRIT-8-C 

FEXPLO- 1 -F/G 
CRIT-5-FIG 

FEXPLO-2-FIG 

MFIRE-3-B 
WIREd-B/D 
WIRE-8-B 

,ASSUMPTION/FEATUREI 
REQUIREMENT IMPACT 

Reduces the Ilkellhood of mtact waste 
contamer cnhcalities to Beyond 
fitremely Unlikely 

Reduces the Ilkelhood of facility fres 
potcntdly mpactmg radioactive 
matenal to  unlike!^ 

Reduces the k e l h d  of facility 
explosions potenhally unpactmg 
radroactlve matenal by one frequency 
bm 

Reduces the llkeirhood of a Type B 
shippmg contamer contammg 
pymphonc matenal to unlzkely 
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Table 62 and Table 63 presented the hazard evaluation matnces for the Building 991 
Complex Five types of  contamers contalnlng radioactive matenal were evaluated (1) Type B 
shipping contsuners, (2) POCs, (3) metal TRU waste contamers, (4) metal LLW containers, and 
(5) wooden LLW containers These contamer types were assessed aganst 296 release scenano 
and activity combinations yielding a potential 1,480 combinations o f  container types, scenanos, 
and activities However, not all contamer types were applicable to all the scenano and activity 
combinabons 

Each combination o f  contamer type, imtial release scenano, and activity was evaluated 
for applicability of the activity to the contamer / scenano combinabon, credibility of applicable 
activity/ contamer/ scenano combinations, and nsk class o f  credible combinations At h s  
point, combmations that are not applicable can be removed fiom further consideration 
Combmabons that are not crelble can be removed &om further considerabon as long as any 
assumpbom, protecbve features, and/or reqwements associated mth malung the combination 
not credible are camed forward The r e m m g  combmabons have nsk class determmabons that 
can be used for determuung candidate accident scenanos for the accident analysis step o f  the 
safety Analysis 

To support the development o f  canldate accident scenanos, a summary table of  the 
hazard evaluabon results is developed and displayed m Table64 The table lists each o f  the 
37release scenanos along wth a bnef descnption of  the scenano The scenario descnpbon 
mcludes a designabon of whether the scenano is an internal event (IE), an external event (EE), or 
both and provides the nmencal codes for the scenano set o f  hazards/ energy sources fiom 
Table 8 For each scenario, Table 64 presents a listing of the five container types (shown under 
the “Type” column of the table) and the eight general actwitres associated wth the Buldmg 991 
Complex A matnx of  hazard evaluabon results is presented for the 1,480 acbvity / contamer / 
scenano combinabons indicatmg if the combmbon is not applicable (NA), not credble (NC), or 
not specifically addressed m the hazard evaluabon tables (“blank”) and therefore not applicable 
For combmabons that are applicable, crehble, and addressed, the table displays the scenano 
imbal nsk class (Is 11, 111, or IV) along wth the correspondmg frequency bin (A - anticipated, 
U - unldcely, or E - extremely unldcely) / consequence bm (L. - low, M - moderate, or H - hgh) 
combmabon yieldmg the nsk class result fisk Class I and I1 scenanos are shown as shaded in 
the table to hghlight the mhal release scenanos that must be carried forward for M e r  analysis 
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As stated above, Table 64 presents all 1,480 combinabons of  contamer types, release 
scenanos, and activities Exammation of  Table 64 mdicates the followng 

1,111 combinations are not applicable (z e , marked “NA” or left blank), 

205 combmabons are not credible (47 matenal fires, 1 1  facility fires, 22 spills, 
1 1  punctures, 14 contamer explosions, 4 facility explosions, and 96 cnticalities), 

21 combmabons are hsk Class IV (0 matenal fires, 3 facility fires, 5 spills, 
1 1 punctures, 0 contamer explosions, 2 facility explosions, and 0 cnhcalibes), 

64 combmabons are Rsk Class 111 (0 matenal fires, 2 facility fires, 37 spills, 
19 punctures, 0 contamer explosions, 6 facility explosions, and 0 cntdibes) ,  

37 combmabons are h s k  Class11 (Omatenal fires, 8 facility fires, 5 spills, 
15 punctures, 2 contamer explosions, 3 facility explosions, and 4 cnbcalities), and 

42 combmahons are Rsk Class I (0 material fires, 15 facility fires, 18 spills, 
7 punctures, 0 container explosions, 0 facihty explosions, and 2 cnhcalibes) 

Of the onginall,480 combmabons in the hazard evaluation, 290 combmahons potenbally 
have assumpbons, protecbve features, or requuements that are necessary to mamtam a low nsk 
class designation or to remam not credble scenanos The 79 combmabons yieldrng h s k  Class I 
or hsk Class I1 scenanos prowde the mpetus for further analysis The Qscussions that follow 
lead to the determwbon o f  the boundrng set of  accident scenanos to be tamed forward to the 
accident analysis porhon o f  the Safety Analysis 

Pnor to entemg the boundmg accident scenano selecbon process, the set of scenanos to 
be considered in the evaluabon must be defined Obwously, the 1,111 scenano combmabons 
that were determmed to be not applicable can be removed fiom considerabon The 205 scenano 
combmations that were determrned to be not crehble ( I  e ,  Beyond LktremeZy UnZzkeZy) are 
candidates for removal from consideration as long as the set o f  assumpbons, protecbve features, 
and reqmrements idenbfied m the hazard evaluabon table that lead to the low scenano frequency 
deterrnmation are carned forward into the final control set specified in the Buddmg 991 Complex 
TSRs Thls approach wll  be taken to remove the not credzble scenanos from further analysis 
and the correspondmg controls are idenhfied below The f i sk  Class I, 11,111, and IV scenanos 
will enter the bounding scenano selecbon process 

The assumphons, protecbve features, and requirements supporting the detenrunation that 
a hazard evaluation scenano combination is not credible are identified and defined 111 Table 61 
through Table 63 Table 65 lists the 205 scenano combinabons (z e ,  scenano label and contamer 
type) that were determined to be not credible along wth the controls that support and mantam 
that determination These identified controls must be included in the TSR control set for the 
Building 991 Complex 
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Table 65 Credited Protective Features and Requirements Yielding Not Credible Scenarios I 
' SCENARIOCODE 

1 MFIRE-1-B/D, 
MFIRE-ZBD, 
MFIRE-4-B, 
FFIRE-2-B, 
FFIRE-3-B, 
SPILL- 1 -B/D, 
SPILL-'L-B/D, 
FEXPLO-1 -B, 
CRIT-2-B/D, 
CRIT-3-B/D, 
CRIT-5-B 

MFIRE-6-D, 
PUNCT- 1 -D 

TYPE 

Type B 

Type B 

Type B 

")p B 

Type B 

Type B 

POC 

MFIRES-BD 

FFIRE-1 -B 

CRIT- 1 -BID, 
CRIT-2-B/D, 
CRIT-3-B/D, 
CRIT-7-B, 
CRIT-8-B 

MFIRE-3-B, 
MFIRE-6-B/D, 
WIRE-8-B 

FFIRE-2-C, 
FFIRE-3-C/E/F/G/H, 
SPILL- 1 -C/D/E/F/G, 
SPILL-2-C/D/E/F/G, 
SPILL-4-A/B/C/D/E//H, 
CEXPLO- 1 -C/D, 
FEXPLO- 1 -C/F/G, 
CRIT-5-C/F/G 

A s s v M p n O N / F E A ~ / R E Q U I R E M E N T  

F1 - cannot be breached by potential falls, 
F4 - cannot be breached by potential vehicle 
unpacts, 
F8 - cannot be breached by potential external 
flammable gas explosions, 
F15 - cannot be breached by potentlal external fves 
other than torches 

A 1 /F11- unhkely to be moved and extremely 
unlikely to be punctured by vehicle unpacts 

R1- Type B contamers only staged m smgle planar 
-Y 

R2 - flammable gas use 111 vaults prohibited while 
SNM 1s present 

R4 - cannot be arranged to yield mt~cality if mtact 

A2/A3/F6/R10 - Type B contamers unlrRely to be 
breached by sbuctural unpact and contamers 
compliant with 1-W89-HSP-3 1 1 1 
F11R10 -Type B contamers exfremely unhhly to 
be breached by forklift m e  unpacts and contamers 
complnnt with I-W89-HSP-3 1 11 
F2 - cannot be breached by potential falls, 
F5 - cannot be breached by potential vehicle 
unpacts, 
F9 - cannot be breached by potential external 
flammable gas explosions, 
F 14 - cannot be breached by mternal hydrogen 
explosion, 
F16 - cannot be breached by potential external fires 
other than torches 

Admmistratlve 
Control 

Admmtratlve 
Control 

Cntldity 
Safety 

Requvements 

Admmistratlve 
Control 

POC Design 
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I Table 65 Credited Protective Features and Requirements Yielding Not Credible Scenarios 

TYPE 

POC 

metal 
contamer 

metal 
contamer 

metal 
contamer 

metal 
contauier 

metal 
contamer 

metal 
contamer 

SCENARIO CODE 

PUNCT-1-D/E/F/G, 
PUNCT-2-A/D/E/F/G/H 

CEXPLO- I-A/B/E/F/G/H 

CRIT- 1 -C/D/E/F/G, 
CRIT-7-C, 
CRIT-8-C 

WIRE- 1 -c/D/E/F/G 
MFIRE-2-C/D/E/F/G 
MFIRE-3-c 
MFIRE-4-C/F/G 
WIRE-S-A/C/D/E/F/G/H 
MFIRE-6-C/D/E/F/G 
MFIRE-7-IVBICIDIEIFIG/H 
W E E - 8 - c  

ASSUMP"ION/FEATURE/REQUIREMENT 

A1fF12 - unlikely to be moved and extremely 
unlikely to be punctured by vehicle Impacts, 
A6ff 12 - unlikely to be lmpacted and extremeIy 
unlikely to be punctured by vehicle mpacts 

A6ff 13 - unlikely to be Impacted and emem+ 
unlikely to have mtcmal hydrogen explosion, 

unIikely to have mternal hydrogen explosion 

R5 - cannot be arranged to yield cnhcality if mtact 

AS/F 13 - ~nlrkely  to be mpacted and exlremeEy 

A10 -no pyrophonc matenal contamers will be 
brought mto the faclllty 

Al2/A13/A14 - d i k e &  transport vehicle fires, 
unIikIy exposure to m-process conmen, and 
unlikely fm propagation 

A7 - tune associated with generation of waste under 
the GEN activity is very lmited 

A9 - 10 lulograms of oxide needed for cnticality 

FFIRE-2-A 

FFIRE- 1 -A 

CRIT- 1 -A, 
CRIT-2-A/C/D/E/F/G, 
CIUT-3-A/C/D/E/F/G, 
CRIT-4-A/C, 
CRIT-5-A/C/F/G, 
CRIT-6-A/B/C/D/E/F/G/H 

I 

COrnROL/ 
RE- 
Poc Design 

Vented Metal 
Contamer 

Cnticality 
Safety 

Requuements 

Admmlstratwe 
Control 

Vehicle 
Inspectron 

No control, 
basic 

assumption 

No control, 
basic 

assumphon 

4.3.2 Planned Design and Operational Safety Improvements 

Building 991 is installing a fire door between the Office Area (Room 101 through 
Room 129, south portion of the building) and the radioactive matenal storage areas (closest area 
is Room 134) in the north-south corndor of the facility This design unprovement serves to 
reduce the threat o f  Ofice Area fires propagatmg into the waste storage areas o f  the facility 
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Building 991 is upgradng the fire door between Room 170 and Room 141 and the fire 
door between Room 170 and Room 134 This design improvement further establishes the fire 
barner between the north and south fire zones, as defined in the Fire Hazards Analysis (FHA), of 
the facility (Ref 33) 

Significant quanbbes of matenals, including combustibles, are bemg removed from 
Buildmg 991 in preparabon for waste storage The areas currently being cleared mclude 
Room 143, Room 155, and Room 166 This operat~onal safety improvement reduces the facility 
combusbble loadmg and reduces the threat o f  large fires 

The Bmldmg 991 Complex steam heating system is berng replaced by a hot water system 
supported by natural gas fueled boilers located east o f  Room 166 The complex will no longer 
uhlize Site steam ' b s  design improvement elirmnates the €ugh pressure hazard and reduces the 
hgh temperature hazard associated wth the steam lmes versus hot water lmes but does rntroduce 
a thermal, flammable gas hazard associated wth the natural gas fueled boilers 

Corndor Cy Bmldmg 997, and Building 999 are not going to be used for any storage due 
to the uncertamty associated wth structural integnty of the Corndor C tunnel This operabonal 
safety unprovement addresses a life safety concern associated wth the area 

4.3.3 Protective Features and Layers of Defense 

Table 56 and Table 65 have identified protectwe features for the mamtenance o f  Standard 
Industrral Hazards and for the mamtenance o f  the d e t e m b o n  that specdic scenano 
combmahons are not crelble (ze, Beyond Exrrernely Unlzkei'y) Some of these protectwe 
features can also be credited m the evaluation o f  the boundmg accident scemos Figure 3, 
Figure 4, and Figure 5 &splay the layers o f  defense prowded by the credted protectwe features 
idenhfied m the hazard evaluahon process for protecaon agamst chermcal, energy source, and 
radiological hazards, respectwely 

The layers o f  defense figures are constructed showmg the hazard of interest at the far left 
of  the figure Each shell o f  the layers of  defense is shown as a box surroundmg (except for the 
left side) the hazard of mterest and any previous shells Layers o f  defense are shown from the 
left to the nght, wth the mnermost layer being at the left and the outermost layer bemg at the far 
nght In addition, the figures distinguish between hardware protectwe features (shown m upper 
half o f  the figure) and a b s t r a t i v e  protective features (shown 111 the lower half of the figure) 
Protective features are shown in bold type and SMPs that implement andor control the 
protective features are idenhfied, where applicable 

The layenng o f  protective features makes distinctions between mnermost, middle, and 
outermost Innermost protective features generally deal wth the control of  actual hazard 
attnbutes (e  g , quantity, parameters) The middle layer o f  protective features generally deals 
wth the first contsunment or confinement barner around the actual hazard (e g , container, 
package) The outermost layer generally deals wth the final set of  confiiement barners, 
configurations, or controls (e g , structure, separation, inspection) The positioning of the 
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protective features in a layenng scheme is ultimately based on analyst judgment However, the 
actual positiomng is not as rmportant as the concept o f  layers o f  defense (I e , multiple protective 
features to control the hazard) 

I bardwarel 
Facdrty Barriers 

CONFIG 
none idenbfied 

[admmistrative] 

Configuration Control 

CONFIG + EPWM 
~ ~~~ 

Figure 3 Credted Layers of  Defense for Chemcal Hazards 

The purpose of each protectwe feature identdied in Figure 3 is sumirmmd below 

Package Thts protective feature is identdied m Table 56 as an attnbute of the S&IH 
SMP and mmf81I1s the assumptions o f  the Safety Analysis that chemrcals are 
contamed 111 standard packages, 

0 Facility Barriers Thls protectwe feature is mplied 111 Table 56 as an attribute of the 
CONFIG S M P  and mantam the assumpt~ons o f  the Safety Analysis that chemcals 
remam separated from radioactive matenals (eg, are separated by walls rn the 
facility), 

0 Quanbty Control Thls protective feature is idenhfied 111 Table 56 as an attnbute o f  
both the ORG and the S&IH SMPs and mantiuns the assumpt~ons o f  the Safety 
Analysis that chemicals pose no nsk to the CW or the public due, 111 part, to the 
limited quanbbes o f  the chemicals, 

Packaging Thls protective feature is implied in Table 56 as an attnbute o f  the S&IH 
SMP and mantams the assumptions of the Safety Analysis that chemicals are 
packaged appropnately, and 

0 Configuration Control Th~s protective feature is idenhfied 111 Table 56 as an 
attnbute o f  both the CONFIG and the EPWM SMPs and mantains the assumptions 
of the Safety Analysis that chemicals remin separated from radioactive matenals and 
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from other incompahble hazardous chemcals (e g ,  are kept in separate locations in 
the facility) 

r 

ENERGY SOURCE 
HAZARDS 

[hardware] 

bardware] Remote Location 

[hardware] CONFIG 

CONFIG 
ladmmismtivel 

Maintenance 
MAINT 

.t;,T- ~ 

* * . * - i -  li 

MAINT + WORK 

Figure 4 Credited Layers of  Defense for Energy Source Hazards 

The purpose o f  each protectwe feature idenQfied m Figure 4 is summanzed below 

Current Reliability Thls protectwe feature is idenbfied in Table 56 as an attnbute 
of the MAINT SMP and mamtam the assumpt~ons o f  the Safety Analysis that 
Electnc Heaters are as reliable as past expenence mdicates such that the rate o f  fire 
igmhon from the hazard does not increase sigmficantly, 

Current Parameters Thls protectwe feature is identified in Table 56 as an attnbute 
of the CONFIG SMP and mamhns the assumptions o f  the Safety Analysis that 
Heated Water and Compressed PLlr hazards remam at relatively low temperatures and 
pressures, respechvely, 

Current Configuration This protective feature is identified in Table 56 as an 
attnbute of the CONFIG SMP and mamtatns the assumptions o f  the Safety Analysis 
that numerous energy source hazards remam physically separated from other hazards 
(e g , electnc equpment, compressors, fans remam m their current locations), 

0 Remote Location This protective feature is identified in Table 56 as an attnbute of  
the CONFIG S M P  and maintains the assumptions of the Safety Analysis that the 
X-ray Device remains separated and shelded from the CW and the public, 
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Maintenance Thls protecbve feature is idenbfied in Table 56 as an attnbute o f  the 
MAMT SMP and mantam the assumpbons o f  the Safety Analysis that the 
insulation associated wth Electnc Heater hazards are mamtamed such that the rate of 
fire igmtion from the hazard remans consistent wth past expenence, 

Containment Integrity Thls protective feature is idenbfied in Table56 as an 
attnbute o f  the MAPJT S M P  and mamtams the assumpbons o f  the Safety Analysis 
that confinements and conkunments associated wth fuels are mamtamed, and 

0 Hazard Separation Thls protective feature is identdied m Table 56 as an attnbute 
of the EPWM, the FIRE, the MAINT, and the WORK SMPs and mantam the 
assumptions of the Safety Analysis that energy source hazards Emam separated from 
rdoacbve matenals and from other hazards (e g , waste contamers are not stored 
next to energy sources, combusbbles are not placed next to igmuon sources, energy 
source tools are not used m close proxlmrty to hazardous matenals unless necessary) 

Rad. Material Control 

I -  

none idenbfied 

[admm~rabve] 

Single Planar Array 
Limit Flammable Gas 

Critically Safe 
I Vehicle Inspection 

Figure 5 Credited Layers of Defense for Radiological Hazards 

The purpose o f  each protective feature identified 111 Figure 5 is summmzed below 

Non-Dispersible Sources Th~s protecbve feature is identified UI Table56 as an 
attnbute of  the S&IH SMP and mantam the assumpbons o f  the Safety Analysis that 
radioactive source matenal is sealed in a non-dispersible package configuration, 

Rad. Material Container This protective feature is identified in Table65 and 
applies to the design of  Type B shipping contamers, POC contalners, and metal waste 
contamers to ensure that radioactive matenal contalners perform under accident 
conditions as assumed in the Safety Analysis, 
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Vented Containers Thls protective feature is idenbfied m Table 65 and applies to 
metal waste contamers wth hydrogen generabon potenbal to reduce the Ilkellhood, in 
the Safety Analysis, o f  the bwldup of  explosive concentrations of hydrogen gas in the 
contamer, 

Rad. Material Control This protective feature is mplied in Table 56 as an attnbute 
o f  the EPWM SMP and mantams the assumpbons of the Safety Analysis that the 
drum crushmg operation has lunited exposure to d o a c t w e  matenal by restncbng 
the level o f  contarnumbon on drums to be crushed, 

Container Integrity Thls protectwe feature is idenbfied m Table 56 as an attnbute 
of the EPWM SMP and mutams the assumpbons of the Safety Analysis that no 
significant Contarnumbon hazards are expected due to probbitmg the openrng o f  
radioactwe matenal contamers, 

Single Planar Array Th~s protectwe feature is idenbfied m Table 65 and applies to 
TypeB shppmg contamers contamng Pyrophonc Matenals to restnct contamer 
storage to single planar arrays (I e ,  no stacbg) to preclude Pymphonc Matenal 
contamer breach due to drops from stacks m the Safety Analysis, 

Limit Flammable Gas Thls protectwe feature is identdied m Table 65 and applies 
to Type B shppmg contamers m vaults to restnct the use of flammable gases m the 
vault whle SNM is present to preclude flammable gas explosions from impacting 
Type B shippmg contamers m vaults m the Safety Analysis, 

Critically Safe Th~s protecbve feature is identified in Table 65 as an attnbute of the 
CRIT S M P  and applies to Type B shppmg contamers and metal waste contamers to 
preclude the Occurrence o f  a cnbcality event m the Safety Analysis as a result of the 
rearrangement of intact containers, 

Vehicle Inspection Thts protective feature is idenbfied m Table 65 and applies to 
TypeB shppmg contamer and waste contamer Transport Vehcles to reduce the 
Ilkelhood, m the Safety Analysis, that vehcle &s can occur by regular mmtemnce 
and mspecbon of  the vehcles 

4.3.4 Worker Safety 

All of the protectwe features shown on Figure3, Figure4, and Figure5 provide 
protection for the IW except for the X-ray Device Remote Location protective feature shown on 
Figure 4 In addition, the Worker Control attnbutes of  the SMPs identified in Table 56 are 
specifically credited for providing protection for the IW, as discussed below In general, the Site 
SMPs listed in Chapter 3, Safety Management Programs, of the FSAR are crehted wth 
providing the set of  controls necessary to protect the IW from Standard Industnal Hazards Most 
of the controls necessary to protect the CW and the public from Non-Standard Industnal Hazards 
wll apply to IW protection as well In addition, specific controls to protect the IW from hgh 
nsk accident scenanos may be identified in the accident analysis pornon of the Safety Analysis 
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The Worker Control protective features identified m Table 56 are defmed as attnbutes o f  
specific SMPs A total of ten SMPs were specifically idenbfied as providing IW protechon 
agamst Standard Industnal Hazards Note many SMPs provide a supporting control h c t i o n  
(I e ,  work in conjuncbon wth other SMPs to control a hazard) The control functions idenhfied 
in the lists below are qualified as to the level of control associated wth the correspondmg 
SMP That is, if a S M P  works wth another SMP to provide a control, the control w11 not be 
listed differently fiom controls over whch the SMP is a sole provider The idenbfied SMPs and 
the control h c b o n s  prowded are 

1 Orgmzation and Management (ORG) - controls use o f  some radtoachve matenal 
Sealed Sources by loclung doors, controls use o f  the X-ray Deuce by loclung doors, 
momtors hazardous system configuration and operation, restncts entry to vanous 
facihhes by loclung doors, restncts entry mto vanous hazardous areas, controls the 
quanbhes o f  hazardous matenals entenng the complex, controls hazardous matenal 
storage areas, controls locabon o f  specific hazardous matenals, momtors areas, and 
controls the current configurabon, 

2 Configurahon Management (CONFIG) - controls the current configurabon and 
mutams exlstmg hazardous matenal facility separation fkom other facilibes, 

3 Enwonmental Protechon and Waste Management (EPWM) - restncts the opemng 
o f  any d o a c t i v e  matenal contamers, controls the c m n t  form o f  certam waste 
materrals (e g ,  Beryllium), specifies the appropnate contamers to be used for axtam 
wastes, and surveys vanous hazardous areas, 

4 Frre Protection (FIRE) - mspects systems wth the potenhal to i p t e  or exacerbate a 
fire, 

5 Safety and Industrial Hygiene (S&IH) - specifies and venfies any bamer 
requuements around hlgh voltage electncal systems, specifies and venfies any 
mulation requrements for electrical or thermal hazards, specifies any personnel 
protective equpment requuements associated wth specific jobs and hazards, proudes 
adequate postmgs and labels for hazards, specifies any lockout/tagout reqwements 
associated wth specific jobs and hazards, specifies appropnate contamers to be used 
for certaun hazardous matenals or equpment, specifies any sheldmg reqwements for 
radiation sources, mspects radioactwe matenal sources and the X-ray Device, 
specifies appropnate requirements on the use of ce-n equpment, specifies pressure 
relief requirements for and inspects fluid systems, inspects vanous hazardous systems 
and tools, specifies locaaon of electncal equpment relative to worlung areas, venfies 
the integnty of enclosures on vanous components, inspects component controllers, 
controls the quantities of hazardous matenals entenng the complex, specifies and 
venfies implementation of any restnctions on areas involvmg hazards, and controls 
the current form of c e m n  matenals (e g , Beryllium) 

6 Mamtenance (MAINT) - evaluates the use of radioactive matenal sources in the 
performance of work and evaluates any maintenance work for hazards, 
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7 Quality Assurance (QA) - venfies radioactive matenal source package meets 
specificabons when brought on Site, 

8 Rahabon Protecbon (RAD) - specifies appropnate packagmg to be used for 
radioactive matenal sources, specifies any shlelding requrements for radiabon 
sources, specifies any personnel protective equrpment requrements associated wth 
specific jobs involvmg radiabon hazards, mspects radioactive matend sources and 
the X-ray Device, provides adequate posbngs for radrabon hazards, determrnes 
As-Low-As-Reasonably-Achevable (ALARA) requrements dunng work planntng, 
specifies appropriate reqmments on the use o f  radiabon eqwpment, venfies 
confinement of d o a c t i v e  matenals and contarnumbon, performs area radiabon 
surveys, and develops W a t i o n  Work Pemts ,  

9 Tramng (TRAIN) - specifies tramng requmments and provides appropnate 
trammg for the conduct o f  work, and 

10 Work Control (WORK) - controls the concurrent conduct of work mvolvmg 
hazardous matenals or equrpment 

4.3.5 Environmental Protection 

Enwronmental nsks are pnmanly addressed by prot-on o f  the CW and the public 
That is, if controls are put m place to protect the CW and the public fiom exposures to 
radioactwe and hazardous matenals, the envuonment, for the most part, is also protected Given 
that the pnmary hazards to external receptors associated wth the Butldmg 991 Complex deal 
wth radioactme matenals m the facilibes rather than dealmg with processes or operabons that 
utilize vanous other hazardous matenals, the pnmary threat to the enwronment would come fiom 
the rdoacbve matenals Therefore, protectmg the CW and the public h m  releases of  
radioactive matenals also protects the envuonment 

Some non-ra&oacbve hazardous matenals are found in the Butldmg 991 Complex and 
are discussed m Secbon4 1 8, Toxzc, Hazardous, or Noxious Materials (HazartVEnergy 
Source91 All matenals wth a defined TPQ or TQ are expected to be below the defined 
thresholds Some hazardous matenals exceed a defined RQ value but have activibes related to 
the abatement and removal of  the matenals or have specific programs and controls covmng 
matenal use or removal Therefore, the non-radioactive, hazardous matenal nsks to the 
environment are expected to be small and further investigabon of  the nsks to the environment 
would not be expected to define any controls beyond those already requlred by the programs 
dealing wth the hazardous matenals 

4.3.6 Bounding Scenario Selection 

The selection of boundmg accident scenanos is performed to reduce the number o f  
scenanos that must be evaluated in the accident analysis The intent of the process is to eliminate 
the evaluation of scenanos that would not provide (1) any additional information about accident 

Revision 2 
September 1999 

192 
B99 I Complex FSAR NSTR-011-98 Support I 



progression, (2) any additional understandmg of  facility nsk, or (3) any additional control 
requirements associated with safe operations Sets o f  accident scenar~os that satisfy these cntena 
are termed “simlar” accident scenanos in this evaluation Simlar accident scenanos can be 
bounding rn a number o f  ways 

1 the boundmg scenano could have a hgher frequency (e g , a drop of  a drum dunng an 
intentional forklift movement may be more lrkely than and bound a drop of  a drum 
from the top o f  a stack due to a forklift dver tent  contact), 

2 the boundmg scenano could have a hgher source tern (e g , a breach of a smgle TRU 
waste box holdmg 320grams may bound a breach of a smgle TRU waste drum 
holdmg 200 grams), 

3 the boundmg scenano could have both a hgher fkquency and a hgher source term 
(e g ,  a drop o f  a TRU waste box holdmg 320 grams dunng an mtentional forklift 
movement may be more llkely than and bound a drop o f  a TRU waste drum holdmg 
200 grams from the top o f  a stack due to a forklift madvertent contact), or 

4 the boundmg scenano could have an equvalent source term and frequency (e g ,  a 
drop of  a drum due to a vehcle inadvertent contact d a g  the conduct o f  a 
mamtenance actmty may bound a drop of a drum due to a vehicle d v e r t e n t  contact 
durrng the conduct o f  a construchon actmty) 

The selecbon process for boundmg scenar~os exammes the 164 s c e m o  combmahons 
(includuig low nsk scenanos) for each o f  the above four situations The process splits the 
evaluabons for mternal events and external events in support of the accident analysis for natural 
phenomena and extemal events Also, the exammabon evaluates scemos wthm the 
sevengeneral types o f  accident scenanos rather than attempting to bound scenanos with 
scenanos o f  a dfferent type. Under h s  approach, h s  process exammes. 

0 mternal event m a t e d  fires, 

28 mternal event facility fires, 

65 mternal event spills, 

0 52 mternal event punctures, 

2 internal event contamer explosions, 

1 1  mternal event facility explosions, and 

6 internal event cnticalities 

In addition, the process has the potential to examrne Oexternal event matenal fires, 
19 external event facility fires, 31 external event spills, 7 external event punctures, 0 external 
event container explosions, 1 1  external event facility explosions, and 6 external event 
cnticalities, however, the process actually focuses on individual natural phenomena and external 
events (e g ,  seismic, high wnd, aircraft crash) rather than the scenano combinations 
(e g , SPILL-3-B / Type B container / breach due to structural member impacts / Hazard 13H - 
seismic, wnd, tornado, heavy snow, aircraft crash) 
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4.3.6.1 Bounding Matenal Fire Scenanos Determination 

This secbon deleted since it was assumed that pyrophonc matenals wll  not be brought 
into the facility and that SNM contamers complied wth Type B slupping contamer reqwrements 
and with the reqwrements of procedure 1-W89-HSP-3 1 1 1  (Ref 20) These assumpbons made 
matenal fires in the Bwldmg 991 Complex not credzbZe events 

Table 66 Deleted 

43.6.2 Boundw Facility Flre Scenanos Determinabon 

As mdicated above, 28facility fire scenano combmbons have been idenhfied as 
yielding fisk Class I, 11, or 111 accident scenanos Facility fires deal with accidents mvolving the 
exposure of radloachve matenal mntmners to fires of vanous types Four types of radioactive 
matenal contamers may be unpacted by facility fires (1) POC contamers contatlllng up to 
1,255 WG Pu eqwvalent grams, (2) TRU waste contamers contatlllng up to 200 grams m drums 
and 320 grams m boxes, (3) metal LLW contamers c0n-g up to 3 grams, and (4) wooden 
LLW contamers contatlllng up to 3 grams POC and waste contamers m hhally assumed to be 
located m analyzed storage locabons w h  facilibes of the Bmldmg991 Complex and the 
wooden contamers also are mbally assumed to be located outside 

Table 67 presents the 28 credlble facility fire scenano combmbons The table extracts 
mformabon fiom Table 62 and Table 63 and indicates the credible facility fke scenano number, 
the general type of fire associated wth the scenano (to allow for determmabons of sunilanty), 
the type of contamer associated wth the scenmo, the scenano mbal estunate of fiequency, and 
the scenano mtt~al estmate of consequence The last two columns of Table 67 either mdlcate the 
bounding scenano number (if bounded) and a corresponding bnef &scussion of why the scenano 
is bounded or mdlcate the boundmg scenmo label (if the scenmo is boundmg) and the 
correspondmg MAR 
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Table 67 Credible Facility Fire Scenarios 

I REMARKS 
MAR = 3 grams (single metal contamer), 

equivalent sccnano 
MAR = 320 grams (single contruner), 
samcMAR - samefrequency, 
eqUlValent scenano 
MAR = 1,255 grams (smgle contamer), 
sameMAR - sunefi.asucncy, 

' s a m e w  - samefrequency, 

FFIRE- 1 -F 

FFIRE- 1 -F 

FFIRE- 1 -F 

FFIRE- 1-G 

FFIRE- 1 -G 

FFIRE-I-C 

FFIRE-I -C 

FFIRE-I-C 
lntmse flame 

direct contamer 

mtense flame 
ducctcontamer 

Intense flame 

direct contarner 
exposureto LLWm E L 

Intense flame 
direct contamer 

exposureto mu E H 
intense flame 

ducct contamer 
CXF~~ POC E H 

dvect contamer 

Intense flame 

E 

E 

E 

E 

E 

direct contamer 

Intense flame 
dvect contamer 

L FFIRE-1-G same MAIi - same i;aqucncy, 
equivalent ScCnano 

equivalent sccnano 
MAR = 1,255 grams (smgle contamer), 

equivalent sccnano 

MAR = 320 grams (smgle conuuner), 
H FFIRE-I-G sameMAR - samefrequency, 

H FFIRE-I-G -eMAR - . ~ ~ ~ e f r e q u ~ ~ c y ,  

FFIRE 

LLWm 
FFIRE 

L B1 MAR = 3 grams (smgle metal contamer) 

H B1 MAR = 320 grams (smgle contamer) 

BOUNDING 
SCENARIO 

FFIRE-1-G 

FFIRE-2-C 

FFIRE-I-G 

m t e n s e h e .  TRU 
dvedcontatna FFIRE 
=-to POC E H B1 MAR = 1,255 grams (single contamer) 

intense flame POC 

' transport VehlClC FFIRE 
fmatthedock LLWm E H B2 MAR = vehicle metal LLW mventory 

FFIRE-I-G 

FFIRE-2-C 

FFIRE-I-G 

transport vehicle 
fireatthedock TRU E H 

FFIRE-3-A 

FFIRES-C 

FFIRE-3-C 

FFIRE-3-E 

FFIRE-3-E 

FFIRE-3-F 

TRU 
area fire MAR = contaminmon < 3 grams, 

involvmg LLWm U L FFIRE-4-G lower MAR - same frequency, 

area fire 
involvmg LLWm U H FFIRE-4-G potentially same MAR - same frequency, 

area fire 

combwbles more resistant contamer 
MAR = area metal LLW mventory, 

combushbles more resistant contamer 
MAR = area TRU waste inventory, 

involving TRU u H FFIRE-3-G sameMAR - samefwuency, 
combustibles equivalent scmano 

area fire 
mvolving LLWm U H FFIRE-4-G potentially same MAR - same frequency, 

area fire 
involving TRU U H FFIRE-3-G SameMAR - samefrequency, 

area fire 
involving LLWm U H FFIRE-4-G potentially same MAR - same fnquency, 

MAR = area metal LLW inventory, 

combustibles more resistant contlunef 
MAR = area TRU waste inventory, 

combustibles equivalent scenano 
MAR = area metal LLW inventory, 

combustibles more resistant contamer 

I I I equivalent scQL.no 
I MAR = 3 grams (SUIR~C metal contamer). 

B2 I MAR = vehicle TRU waste mventory 
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SCENARIO "E FREQ CONS. REMARKS 

FFIRE-3-F involving TRU u H FFIRE-3-G sameMAR - samefrtquency, 
area fire MAR = area TRU waste inventory, 

combustibles equivalent scenano 
area fire MAR = area metal LLW inventory, 

FFIRE-3-G involving LLWm U H FFIRE-4-G potentially same MAR - same frequency, 
combustibles more mistant contamer 

area fire FFIRE 
FFIRE-3-G involvmg mu u H B3 MAR = area TRU waste inventory 

MAR = arca metal LLW inventory, 
combustibles TRU 

area fire 
FFIRE-3-H involvmg LLWm U H FFIRE-4-G potentially MITIC MAR - fioqu~ncy, 

combustibles more resistant contruner 
ana firc MAR = area TRU wsste mventory, 

FFIRE-3-H involving mu u H WIRE-3-G WCMAR - samefrequen~, 
combustibles equivalent scenano 

area fue MAR = contamination < 3 grams, 
FFIRE-4-A involvmg LLWw U L FFIRE4-G lower MAR - same fioquency, 

combwhbles equivalent scularlo 

combwhbles equivalent sccI1(vIo 

combushbles cquivalent sceneno 

combwhbles equivalent sccnano 

area fm MAR = area wooden LLW inventory, 
FFIRE-4-C involving LLWw U H FFIRE-4-G sameMAR-samefnquen~~, 

area fire MAR * arca wooden LLW inventory, 
FFIRE-4-E lnvolvlng LLWw u H FFIRE-4-G s a m e M A R - s a m e @ u e n ~ ~ ,  

areafirt MAR = area wooden LLW Inventory, 
FFIRE-4-F involvmg LLWw U H FFlRE-4-G same MAR - same ffequency, 

area fm FFIRE 

cornbumbles LLW 
FFIRE-4-G involvmg LLWw U H B3 MAR = area wcroden LLW inventory 

area fire MAR = area wooden LLW mventory, 
FFIRE-4-H involvmg LLWw U H FFIM-4-G sameMAR - samefrequency, 

combu.mbles equivalent scenano 4 

Based on the results of Table 67, three bounding facility fire scenanos are idenbfied, all 
of whch deal wth at least two contamer types and one of whch deals wth three contamer types 
For the LLW contamers FFIRE-B1-LLWm is an extremely unlzkely event deallng wth a metal 
LLW container being subjected to direct flame impingement from a torch (e  g , propane) that is 
used to bound two other eqwvalent scenanos, FFIRE-B2-LLWm is an extremely unlzkely event 
dealing wth an entire transport vehcle load of metal LLW containers being involved in a 
transport vehcle fire at a Building 991 dock that is not used to bound any other scenanos, and 
FFIRE-B3-LLW is an unlzkely event dealing wth an entire room, area, or transport vehcle 
inventory of LLW contamers being involved in a fire that is used to bound eleven other 
equivalent or similar scenanos, some of which have lower MAR values It cannot be 
predetermined whether a transport vehicle inventory of LLW containers is greater than a storage 
area inventory of LLW containers FFIRE-B3-LLW potentially deals with both types of event 
since FFIRE-4 includes Hazard 5H (Transport Vehicles) and Hazard 13F (Combustibles) 

I 

, 

I 

I 

L 
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Rather than trying to make a determination of  the bounding situation, both cases wl l  be 
addressed Also, the extremely unlrkely direct contamer exposure bounding event, 
FFIRE-Bl-LLWm, can be included as part of  the unbkely area fire that may include a single 
contamer or mulbple contamers Therefore, two bounding scenanos dealing wth LLW 
contamers are proposed B-FFIRE-l(LLW), an unZzkeZy event dealing wth storage area fires 
involving wooden LLW contamers (covers area mventory metal LLW contamer and single metal 
or wooden contamer events), and B-FFIRE-2(LLW), an extremeZy unlrkely event dealing wth 
transport vehicle fires involving wooden LLW contamers (covers transport vehcle fire metal 
LLW contamer events) 

For the TRU waste containers FFIRE-Bl-TRU is an extremely udrkely event dealmg 
wth a TRU waste contamer being subjected to dlrect flame unpmgement from a torch 
(e g ,  propane) that is used to bound two other equlvalent scenanos, FFIRE-BZTRU is an 
extremely unlrkely event dealmg wth an enbre transport vehcle load o f  TRU waste contamers 
being mvolved m a transport vehcle fire at a Bddmg 991 dock that is not used to bound any 
other scemos ,  and FFIRE-B3-TRU is an unZrkeZy event dealmg wth an entre mom or area 
inventory o f  TRU waste contamers being mvolved rn a fue that is used to bound four other 
equivalent scenarios The extremely unlzkely du-ect contamer exposure boundmg event, 
FFIRE-B1-TRU, can be mcluded as part o f  the unlzkely area fire that may mclude a smgle 
contamer or mulbple contamers Therefore, two boundmg scenarios dealmg wth TRU waste 
contamers are proposed. B-FFIRE-l(TRU), an unlzkely event dealmg wth storage area fires 
involvmg TRU contamers (covers smgle contamer events), and B-FFIRE-2(TRU), an extremely 
unlzkely event dealmg wth transport vehcle fires mvolvlng TRU waste contamers 

For the POC contamers FFIRE-Bl-POC is an extremely unlrkely event dealing wth a 
POC contamer bemg subjected to direct flame unpmgement fiom a torch (e  g , propane) that is 
used to bound two other equlvalent scenanos The boundmg scenario w11 be re-labeled as 
B-FFIRE-3 

In summary, facility fire bounding scenanos are 

B-FFIRE-1 involving the unlrkely unpact o f  a facility fire on a waste storage area 
inventory (for each o f  LLW and TRU waste contamers), 

B-FFIRE-1 cames forward the followmg assumptions, protectwe features, and 
requirements 

R3 - controls in place to ensure that contamers are extremely unlzkeZy to be 

B-FFIRE-2 involving the extremely unZrkZy impact of a transport vehicle fire at the 
dock on a transport vehicle inventory (for each o f  LLW and TRU waste contamers), 

B-FFIRE-2 carries forward the followng assumptions, protective features, and 
requirements 

directly exposed to flammable gas flames, 

A12 - fires unlzkely for transport vehcles, and 
A14 - transport vehicle fires unlrkely to propagate to cargo, 
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0 B-FFIRE-3 involving the extremely unlzkely impact o f  a direct flame impingement 
torch fire on a single POC contamer, I 

B-FFIRE-3 cames forward the followng assumphons, protectwe features, and 
requirements 

F17 - flammable gas contamers unlrkely to be breached d u n g  use, and 
R8 - controls in place to ensure that fires are unlzkely to occur m waste storage 

areas 

4.3.6.3 BoundinP SDill scenanos Determination 

As indicated above, 65 spill scenano combmations have been idenbfied as yielding h s k  
ClassI, 11, 111, or IV accident scenanos Spills deal wth accidents involving the unpact o f  
radioactive rnatenal contamers wth vanous objects leadmg to contamer farlure Five types of  
radioactwe matenal contamers may be subjected to spill events (1) Type B shpping contamers 
contamng 6,000 grams of omde, (2) POC contamers contamng up to 1,255 WG Pu eqwvalent 
grams, (3) TRU waste contamers contammg up to 200 grams m drums and 320 grams in boxes, 
(4) metal LLW contamers contaming up to 3 grams, and (5) wooden LLW contamers contamng 
up to 3 grams The Type B shpping contamers may be located m Room 150 (vault) or may be in 
transit between the dock at Room 170 and Room 150 POC and waste contamers may be located 
in analyzed storage locabons wthm facilibes o f  the Bwldmg 991 Complex and the wooden 
contamers also may be located outside 

Table68 presents the 65 credible spill scenano combmabons The table extracts 
informaQon from Table 62 and Table 63 and indicates the credible spill scenano number, the 
general contamer farlure mechamsm associated wth the scenano (to allow for d e t e m b o n s  o f  
smilanty), the type of  contamer associated wth the scenano, the scenano nutial estunate o f  
frequency, and the scenano initial estimate o f  consequence The last two columns of  Table 68 
either mdicate the boundmg scenano number (if bounded) and a correspondmg bnef discussion 
of  why the scenano is bounded or indicate the bounding scenano label (if the scenario is 
bounding) and the corresponding MAR 

In the analysis o f  the spill scenanos, contamer breaches by any means are eqwvalent as 
far as matenal releases are concerned Contsuners can fall dmng movement fiom msed forklift 
tines, can fall fiom the upper tiers of stacks due to stack impacts, can be impacted by vehicles 
dung movement or whle being stored, and can be impacted by structural members while being 
stored All of  these events breach the container in a similar manner and wll be evaluated using 
the same ARRF value Therefore, the failure mechanisms shown in Table 68 are all equivalent 
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SCENARIO 

SPILL-I-A 

SPILL-1-C 

SPILL-1-C 

SPILL-1-D 

SPILL-1-D 

SPILL-1-E 

SPILL-I-E 

SPILL-I-F 

SPILL-1-F 

SPILL-1-G 

SPILL-I-G 

SPILL-2-A 

SPILL-2-C 

SPILL-2-C 

SPILL-2-D 

SPILL-2-D 

SPILL-2-E 
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Table 68 Credible Spill Scenarios 
I 

TYPE FREQ CONS &yzE REMmKs 

contamer breach 

impact 
contamer breach 

MAR = contaminatlon < 3 grams, 

more resistant contamcr; similar scenwo 
MAR = 3 grams (single m d  contamer), 

due to drop or LLWm U L SPILLd-C lower MAR - lower frequency (U vs A), 

due to drop or LLWm A L SPILL-5-C same MAR - same frequency, more 
impact resistant contama; equivalent scenano 

contamer breach SPILL 

tmPact TRU 
duetodropor TRU A H B1 MAR 5 320 to 800 grams (pallet or box) 

MAR = 3 grams (smgle metal contamer), 
duetodropor LLWm U L SPILL-5-C same MAR - lower frosuency (U vs A), 

MAR = 320 to 800 grams (pallet or box), 

contamer breach 

impact more resistant, mvokes SPILL-I-C 
contamer breach 

duetodropor TRU U H SPILL-1-C MAR - lower fnq~ency (U vs A), 
tmPact invokes SPILL-I-C 

conmner breach MAR = 3 grams (smgle metal contamer), 
duetodropor LLWm U L SPILL-5-C same MAR - lower frequency (U vs A), 

MAR = 320 to 800 grams (pallet or box), 
dueto dropor TRU U H SPILL-1-C same MAR - lower frequency (U vs A), 

MAR = 3 grams (smgle metal contamer), 
due to drop or LLWm U L SPILL-5-C same MAR - lower fnquency (U vs A), 

more resistant, mvokes SPILL4 -C 
MAR = 320 to 800 grams (pallet or box), 

due to drop or TRU U H SPILL-I-C same MAR - lower frequency (U vs A), 

MAR = 3 grams (smgle m d  contamer), 
duetodropor LLWm U L SPILL-5-C same MAR - lower frequency (U vs A), 

more reswtant, mvokes SPILL- 1-C 
MAR = 320 to 800 grams (pallet or box), 

dueto drop or TRU U H SPILL-I-C same MAR - lower frosuency (U vs A), 

mP=t  more resistant, mvokes SPILL-1-C 
contamer breach 

impact invokes SPILL-I-C 
contamer breach 

m P m  
contamer breach 

impact invokes SPILL-1-C 
contamer breach 

UnPact 
contlllner breach 

impact invokes SPILL-I-C 

container breach MAR = contammmon < 3 grams, 
duetodropor LLWm E L SPILL-5-C lower MAR - lower finsucncy (E vs A), 

MAR = 3 grams (smgle metal contamer), 
due to drop or LLWm U L SPILL-5-C same MAR - lower frequency (U vs A), 

more resistant contruner, slmilar scenano 
MAR = 320 to 800 grams (pallet or box), 

duetodropor TRU U H SPILL-I-C same MAR - lower frequency (U vs A), 

MAR = 3 grams (single metal contamer), 
due to drop or LLWm E L SPILLJ-C same MAR - lower frequency (E vs A), 

MAR = 320 to 800 grams (pallet or box), 
due to drop or TRU E H SPILL-] -C same MAR - lower frequency (E vs A), 

MAR = 3 grams (single metal contamer), 
due to drop or LLWm E L SPILLJ-C same MAR - lower frequency (E vs A), 

impact more resistant contamer 
contamer breach 

impact 
container breach 

impact similar scenario 
contamer breach 

impact more resistant, invokes SPILL-2-C 
container breach 

impact invokes SPILL-2-C 
container breach 

impact more resistant, invokes SPILL-2-C 
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Table 68 Credible Spill Scenarios 

TYPE FlZEQ CONS. MECEANISM 
container breach 

mgzE REMARKS 
MAR = 320 to 800 grams (pallet or box). 

SPILL-2-E 

SPILL-2-F 

SPILL-2-F 

SPILL-2-G 

SPILL-2-G 

SPILL-3-A 

I SPILL-3-B I due:Dz;or 

due to drop or TRU E H SPILL-I-C same MAR - IoweFfrequeicy (E vs A), 

MAR = 3 grams (single metal contamer), 
due to drop or LLWm E L SPILL-5-C same MAR - lower frequency (E vs A), 

MAR = 320 to 800 grams (pallet or box), 
duetodropor TRU E H SPILL-1-C same MAR - Iowa frequency (E vs A), 

MAR = 3 grams (smgle metal contamer), 
duetodropor LLWm E L SPILL-5-C same MAR - lower frequency (E vs A), 

MAR ==O to 800 grams (pallet or box), 
duetodropor TRU E H SPILL-1-C same MAR - lowa frequency (E vs A), 

impact invokes SPILL-2-C 
contamer breach 

impact more resistant, invokes SPILL-2-C 
contluner breach 

impact invokes SPILL-2-C 
contruner breach 

impact more resistant, invokes SPILL-2-C 
contamer breach 

~ 

unPact invokes SPILL-24 

contamer breach MAR = contami&on < 3 grams. 
due to drop or LLWm U' L SPILL-5-C lower MAR - lower frequency (U vs A), 

unPact more resistant conmner 
contamer breach SPILL 

contamer breach 
SPILL-3-C due to drop or I 1 lmD& 

I 
LLWm U' 

TRU u' 
contamer breach 

H B2 MAR = inventory of Type B contamers 
Type B 

MAR = area metal LLW mventory, 

more resistant contamer 
M SPILL-7-C potenhally same MAR - same frequency, 

SPILL 

TRU 
H B2 MAR = area TRU waste mventory 

~~ ~ 

mnmner breach 
SPILL-4-A due to drop or 

POC 

LLWm 

SPILL 

POC 
E* H B2 MAR = area Poc mventory 

MAR = 3 grams (smgle metal contamer), 
U L SPILL-5-C sameMAR - lowerfraquency(UvS A), 

SPILL-4-A 

SPILL-4-B 

SPILL-4-B 

SPILL-4-C 

SPILL-4-C 

unpact more resistant, unmtenhonal unpact 
MAR = 320 to 800 grams (pallet or box), 

duetodropor TRU U H SPILL-I-C same MAR - lower frequency (U vs A), 
unintentional mpact vs intentional move 
MAR = 3 grams (smgle metal contamer), 

contamer breach 

impact 
contamer breach 
duetodropor LLWm A L SPILL-5-C same MAR - same frequency, more 

impact resistant contamer, unintentional impact 
contamer breach 

impact 
contamer breach 

MAR = 320 to 800 grams (pallet or box), 

unintentional impact vs intentional move 
MAR = 3 grams (single metal contamer), 

duetodropor TRU A H SPILL-1-C sameMAR - samefrequency, 

due to drop or LLWm A L SPILL-5-C same MAR - same frequency, more 
impact resistant contamer, unintentional impact 

contamer breach MAR = 320 to 800 grams (pallet or box), 
due todropor TRU A H SPILL- 1 -C same MAR - same frequency, 

I I impact 
I container breach 

SPILL-4-D due to drop or 
impact 

I I I I unintentional impact vs intentional move 
I MAR = 3 grams (single metal container), 

LLWm U L SPILL-5-c same MAR - 1oGerb.equency (U vs A). 
more resistant, unintentional impact 
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Table 68 Credible Spill Scenarios 
m 

FAILURE TYPE FREQ CONS. mgsg REMARKS 
MECHANISM 

container breach 

impact 
container breach 

MAR = 320 to 800 grams (pallet or box), 
SPILL-4-D due todropor TRU U H SPILL-1-C same MAR - lower frequency (U vs A), 

unintentional impact vs intentional move 
MAR = 3 grams (single mctal contruner), 

SPILL-4-E due to drop or LLWm U L SPILL-5-C same MAR - lower fitquency (U vs A), 

MAR = 320 to 800 grams (pallet or box), 
SPILL-4-E duetodropor TRU U H SPILL-I-C same MAR - lower fresuency (U vs A), 

unlntcnbonal impact vs mtcntional move 
MAR = 3 grems (smgle mdal contamer), 

SPILL-4-F duetodropor LLWm U L SPILL-5-C same MAR - lower fresucncy (v vs A), 

MAR = 320 to 800 grams (pallet (IT box), 
SPILL-4-F duetodropor TRU U H SPILL-1-C stme MAR - lower fitquency (U vs A), 

unmtcnt~onal unpact vs mtenbonal move 
MAR = 3 grams (single metal contamer), 

impact more mstant,  unintcnbonal lmpact 
container breach 

impact 
container breach 

impact more resistant, unmtcnbonal unpact 
container breach 

impact 
contafncr breach 

SPILL-4-G duetodropor LLWm U L SPILL-5-C MAR - lower fiwluen~y (U vs A), 
impact more resistant, uninmbonal lmpact 

container breach 

impact 
contamer breach 

MAR = 320 to 800 grams (pallet or box), 

UnmtentIonal unpact vs mtcnt~onal move 
MAR = 3 grams (single metal contamer), 

SPILL-4-H duetodropor LLWm U L SPILL-5-C same MAR - lower fitquency (U vs A), 

MAR = 320 to 800 grams (pallet or box), 
SPILL4H duetodropor TRU U H SPILL-I-C same MAR - lower hquency (U vs A), 

untntcnoonal unpact vs. mtenuonal move 

SPILL-4-G duetodropor 7'RU U H SPILL-I-C ~ c M A R  - I O W ~ ~ ~ ~ ~ U U I C ~ ( U V S  A), 

impact more restant, umntent~onal unpact 
contamer breach 

impact 

conmner breach MAR = contaninahon 3 grams, 
SPILL-5-A duetodropor LLWw U L SPILL-5-C IOWW MAR - lower frequency (U vs A) 

impact 
container breach SPILL 

impact LLW 

SPILL-5-D duetodropor LLWw U L SPILL-5-C same MAR - lower frequency (U vs A), 
impact invokes SPILL-5-C 

SPILL-5-E due to drop or LLWw U L SPILL-5-C same MAR - lower frequency (U vs A), 
impact invokes SPILL-5-C 

SPILL-5-F due to drop or LLWw U L SPILL-5-C same MAR - lower frequency (U vs A), 
impact invokes SPILL-5-C 

SPILL-5-G due to drop or LLWw U L SPILL-5-C same MAR - lower frequency (U vs A), 
impact invokes SPILL-5-C 

SPILL-6-A due to drop or LLWw U L SPILLJ-C lower MAR - lower frequency (U vs A) 

SPILL-5-C due to drop or LLWw A L B1 MAR = 3 grams (smgle wooden contamer) 

MAR = 3 grams (smgle wooden contruner), conmner breach 

contamer breach MAR = 3 grams (smgle wooden contamer), 

container breach MAR = 3 grams (single wooden contamer), 

container breach MAR = 3 grams (single wooden container), 

container breach 

impact 
container breach 

MAR = contamination < 3 grams, 

MAR = 3 grams (single wooden container), 
SPILL-6-C due to drop or LLWw A L SPILL-5-C same MAR - same frequency, 

impact similar scenario 
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Table 68 Credible Spill Scenanos 

TYPE FREQ CONS. w s g  
SCENAXUo MECHANISM 

SPILL-6-D due to drop Or LLWW U L SPILL-5-C 
contluner breach 

impact 
conmncr breach 

impact 
conmner breach 

Impact 
contamer breach 

unpact 

contamer breach 

mpact 
contluncr breach SPILL 

unPact LLW 

SPILL-6-E duetodropor LLWw U L SPILL-5-C 

SPILL-6-F duetodropor LLWw U L SPILL-5-C 

SPILL-6-G duetodtopor LLWW U L SPILL-5-C 

SPILL-7-A duetodropor LLWW U' L SPILL-S-C 

SPILL-7-C duetodropor LLWw U' M B2 

contamer breach 

mpact 
contamer breach 

mpact 
contamer breach 

unpact 
conrnner breach 

impact 
conmner breach 

mpact 
contamer breach 

impact 
contamer breach 

impact 
contruner breach 

impact 

SPILL-8-A duetodropor LLWW U L SPILL-5-C 

SPILL-8-B duetodropor LLWW A L SPILL-5-C 

SPILL-8-C duetodropor LLWW A L SPILL-5-c 

SPILL-8-D duetodropor LLWw U L SPILL-5-C 

SPILL-8-E duetodropor LLWW U L SPILL-5-C 

SPILL-8-F duetodropor LLWW U L SPILLJ-C 

SPILL-8-G due to drop or LLWw U L SPILL-5-C 

SPILL-8-H due to drop or LLWw U L SPILL-5-C 

'event frequency changed to unlikely since prior anticipated frequency was associated 
'event frequency changed to extremely unlikely since pnor unlikely frequency was 

Based on the results of Table68, two bounding spill scenanos are identified, one of 
which deals wth two contamer types and one of which deals with four contamer types For the 
LLW contamers SPILL-Bl-LLW is an antzczpated event dealing wth a single wooden LLW 
container (LLW box containing up to 3 grams bounds a pallet (4 drums) of LLW drums 

REMARKS 

MAR = 3 gr im (single wooden contamer), 
same MAR - lower frequency (U vs A), 
invokes SPILL-6-C 
MAR = 3 grams (single wooden contamer), 

invokes SPILL44  
MAR = 3 grams (surglc wooden contamer), 
same MAR - lower frequency (U vs A), 
mvokes S P I L L 4 4  
MAR - 3 grams (smgle wooden contarner), 

mvokes SPILL-6-C 

MAR = contammatlon < 3 grams, 

MAR - low- fnquen~y (U vs A), 

MAR - 10wer frequency (U vs A), 

low- MAR - lower frequency (U vs A) 

MAR = area wooden LLW mventory 

MAR = 3 grams (single wooden contamer), 

unmtcnhonal unpact vs intcnhonal move 
MAR = 3 grams (single wooden contamer), 
sameMAR - samefrequency, 
unintentlonal unpact vs mtentlonal move 
MAR = 3 grams (smgle wooden contamer), 
Same MAR - same frequency, 
unmtentional unpact vs intentional move 
MAR = 3 grams (single wooden contamer), 

unmtenhonal unpact vs intentional move 
MAR = 3 grams (smgle wooden contamer), 

unmtentlonal unpact vs intmhonal move 
MAR = 3 grams (single wooden contamer), 
same MAR - lower frequency (U vs A), 
unintentional unpact vs mtentional move 
MAR = 3 grams (smgle wooden contamer), 
same MAR - lower frequency (U vs A), 
unintentlonal impact vs intentional move 
MAR = 3 grams (single wooden conttuner), 
same MAR - lower frequency (U vs A), 
unintentional impact vs intentional move 

MAR - lower ftesumcy (U vs A), 

MAR - lower frequency (U vs A), 

~ a m e  MAR - lower frequency (U VS. A), 

with a natural phenomena event, 
associated with a natural phenomena event 
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(05grams each) totaling up to 2grams) being dropped or impacted that is used to bound 
forty-one other equivalent or smilar scenanos, some of  whch have lower fiequencies and some 
of whch have lower MAR values, and SPILL-BZLLW is an unlzkely event dealmg wth an 
entire room or area mventory o f  LLW contnners being dropped or mpacted that is used to 
bound one other equvalent scenano Therefore, two boundmg scenanos dealing wth LLW 
contamers are proposed B-SPILL-l(LLW), an untzczputed event dealing wth a spill of a smgle 
wooden LLW contamer (covers smgle metal LLW contamer events), and B-SPILL-2(LLW), an 
unlikely event dealing wth an enhre room or area mventory of wooden LLW contamers (covers 
area mventory metal LLW contmner events) being dropped or mpacted due to structure falures 

For the TRU waste contamers SPILL-Bl-TRU is an antzczpated event dealmg wth a 
single TRU waste contamer or pallet (TRU waste box contamng up to 320grams or pallet 
(4 drums) of TRU drums (200 grams each) totalmg up to 800 grams) being dropped or mpacted 
that is used to bound seventeen other equivalent or smlar scenarios, some o f  whch have lower 
fiequencies, and SPILL-B2-TRU is an unlzkely event dealmg wth an en- room or area 
mventory of TRU waste contamers bemg dropped or mpacted that is not used to bound any 
other scenanos Therefore, two bounding scenanos dealrng wth TRU waste contamers are 
proposed B-SPILL-l(TRU), an untzczputed event dealmg wth a spill of a srngle TRU waste 
contamer or a pallet o f  TRU waste containers (whchever has a boundmg MAR value - drop o f  a 
pallet may not fml all contamers and, depending on the number o f  contamers on the pallet that 
are breached, the TRU waste box may present a boundmg MAR value), and B-SPILL-2(TRU), 
an unlzkely event dealmg wth an entue room or area mventory of TRU waste containers bemg 
dropped or unpacted due to structure fmlures 

For the POC contamers SPILL-B2-POC is an extremely unlzkZy event deahng wth an 
entlre room or area mventory of  POC contamers bemg dropped or impacted due to structural 
falures that is not used to bound any other scenanos The boundmg scenario wdl be re-labeled 
as B-SPILL-2(POC) 

For the Type B sluppmg contamers SPILL-B2-Type B is an extreme& unZzkeZy event 
dealing wth an entlre room or area mventory o f  Type B sluppmg contamers bemg dropped or 
impacted due to structural falures that is not used to bound any other scenatlos. Gven the 
staging location o f  Type B shppmg contamers in Room 150, there is no susceptibility o f  the 
staging locahon to either Hazard 13C (Tunnel Degradation and Leakage) or Hazard 13E (Floor 
Loading) since the room is not near a tunnel and is not located over an open area below the 
floonng Transient exposure to Hazard 13E by a matenal handling vehcle carrying Type B 
shpping contamers is not considered a sufficient load to fml the floor for the areas mvolved in 
the movement Therefore, SPILL-BZType B is not considered a scenarro of  concern 

In summary, spill boundmg scenanos are 

B-SPILL-1 involvlng the antzczpated spill of a single waste contamer or a single 
pallet of  waste contamers (for each of LLW and TRU waste contnners), 
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B-SPILL-1 carnes forward the followmg assumptions, protective features, and 
reqwrements 

A1 - contamers unlzkeZy to be moved under certam activities, 
A3 - structural falures are unlrkely events, 
A6 - certmn acbvities unlikely to use matenal handlmg eqwpment, 
F3 - metal waste contzuners unlrkely to be breached by non-tme vehcle Impacts, 

R1 - s t a c h g  o f  Type B shppmg contamers is prohbited 
and 

B-SPILL-2 mvolvmg the unlzkely spill o f  an enbe room or area o f  waste contamers 
resultmg from facility structural falures (for each o f  LLW and TRU waste contamers) 
and mvolmg the extremely unlrkely spill o f  an entm room or area o f  POC contamers 
resultmg from facility structural falures, 

B-SPILL-2 c m e s  forward the followmg assumpbons, protectwe features, and 
requuements 

A3 - structural falures are unlikely events; and 
F7 - POC contamers unlrkely to be breached by structural member mpacts 

4.3.6.4 Boundmg Puncture Scenarios Determination 

As mdlcated above, 52 puncture scenano combmbons have been identified as yieldmg 
h s k  Class I, 11, III, or IV accident scenanos Punctures deal wth accidents mvolvmg the mpact 
o f  radioactive matenal contamers w~th forklift tmes or structural members leadmg to contamer 
and contamer internal packaging failures Five types o f  d o a c t i v e  material contamers may be 
subjected to puncture events (1) Type B shppmg contamers contahng 6,000 grams o f  oxlde, 
(2) POC contamers contamng up to 1,255 WG Pu eqmvalent grams, (3) TRU waste contamers 
contamng up to 200grams m drums and 320grams m boxes, (4)metal LLW contamers 
contarnmg up to 3 grams, and (5) wooden LLW contamers contamng up to 3 grams The 
Type B sluppmg contamers may be located m Room 150 (vault) or may be m transit between the 
dock at Room 170 and Room 150 POC and waste contamers may be located m analyzed storage 
locations w h  facilibes o f  the Bulldmg 991 Complex and the wooden contamers also may be 
located outside 

Table 69 presents the 52 credible puncture scenano combinations The table extracts 
information from Table 62 and Table 63 and indicates the credible puncture scenano number, the 
general contamer falure mechanism associated wth the scenario (to allow for detemations o f  
similanty), the type of contamer associated wth the scenano, the scenano imbal estimate of 
frequency, and the scenano imtial estimate of  consequence The last two columns of Table 69 
either indicate the boundmg scenano number (if bounded) and a corresponding bnef discussion 
of why the scenario is bounded or indicate the bounding scenano label (if the scenario is 
bounding) and the correspondmg MAR 
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Table 69 Credible Puncture Scenarios 

Container MAR = 3 grams (single metal contamer), 
PUNCT-2-A puncture due to LLWm E L PUNCT-4-C sameMAR - lowerfrcquency(Evs A), 

MAR = 320 to 400 grams (pallet or box), 
PUNCT-2-A puncture due to TRU E H PUNCT-I-C sameMAR - lowerfrrquency(Evs U), 

unintenhonal imDact vs intentional move 

impact more resistant, unintentional impact 
COntaIner 

lmbact 
contamer 

PUNCT-2-B puncturedueto LLWm U 
impact 

conmner 
PUNCT-2-B puncturedueto TRU U 

impact 
contamer 

PUNCT-2-B puncturedueto POC E 
impact 

container 
PUNCT-2-C puncturedueto LLWm U 

MAR = 3 grams (smgle metal contamer), 
L PUNCT-4-C sameMAR - lowerfrequency(Uvs A), 

more res~stant, unmtcntIonal impact 
MAR = 320 to 400 grams (pallet or box), 

unintcnhonal impact vs mtentional move 
MAR = 1,255 grams (single contamer), 

unmtcnuonal lmpact vs mtenhonal move 
MAR = 3 grams (single metal contamer), 

L PUNCT-4-C sameMAR - lowerfrequency(Uvs A), 

H PUNCT-I-C sameMAR - samefnqumcy, 

H PUNCT-I-C sameMAR - samefrcquency, 

I I I I I I lmPact more resistant, unintentional lmpact 
contamer I I MAR = 320 to 400 grams (pallet or box), 

PUNCT-2-C puncturedueto TRU U H PUNCT-16 m e w  - same-ti-queicy, 
unpact 

contamer 

impact 
contamer 

unmtentional impact vs intenhonal move 
MAR = 1,255 grams (smgle contamer), 

unmtent~onal unpaot vs intenuonal move 
MAR = 3 grams ( m l e  mdal contamer), 

PUNCT-2-D puncturedueto LLWm E L PUNCT-4-C same MAR - lower frequency (E vs A), 

MAR = 320 to 400 grams (pallet or box), 
PUNCT-2-D puncturedueto TRU E H PUNCT-I-C same MAR - lower fresuency (E vs U). 

unmtcnbonal unpact vs mtmt~onal move 
MAR = 3 grams (smgle metal contamer), 

PUNCT-2-E puncturedueto LLWm E L PUNCT-4-C same MAR - lower fnquency (E vs A), 

MAR = 320 to 400 grams (pallet or box), 
PUNCT-2-E puncturedueto TRU E H PUNCI'-1-C sameMAR - Iowerfrequency@vs U), 

unintentional lmpact vs intenhonal move 
MAR = 3 grams (single metal contamer), 

PUNCT-2-F puncturedueto LLWm E L PUNCT-44 sameMAR - lowerfnquency(Evs A), 

PUNCT-2-C puncturedueto POC E H PUNCT-I-C sameMAR - samefkquency, 

impact more resistant, unmtenhonal lmpact 
container 

mP=t 
contarner 

impact more resistant, unmtenhonal unpact 
contamer 

lmpact 
contamer 

I impact I I I t I more resistant, unintentional impact 
contamer I I MAR = 320 to 400 grams (pallet or box), 

PUNCT-2-F puncture due to TRU E H PUNCT-I-C sameMAR - lowerfrequency(Evs U), 
unintentional impact vs intentional move 
MAR = 3 grams (single metal contamer), 

PUNCT-2-G puncture due to LLWm E L PUNCT-4-C same MAR - lower frequency (E vs A), 

impact 
contamer 

impact more resistant, unintentional impact 
container 

impact 
container 

MAR = 320 to 400 grams (pallet or box), 
PUNCT-2-G puncture due to TRU E H PUNCT-I-C same MAR - lower frequency (E vs U), 

unintentional impact vs intentional move 
MAR = 3 grams (single metal contamer), 

PUNCT-2-H puncture due to LLWm E L PUNCT-4-C sameMAR - lowerfrequency(Evs A), 

MAR = 320 to 400 grams (pallet or box), 
PUNCT-2-H puncture due to TRU E H PUNCT-I-C sameMAR - lowerfrequency(Evs U), 

unintentional impact vs intentional move 

impact more resistant, unintentional impact 
container 

impact 
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Table 69 Credible Puncture Scenarios 

U' 

E 

U' 

MAR = contamination < 3 grams, 

more resistant contamer 
L PUNCT-4-C IoWerMAR - I O W W ~ ~ ~ ~ U C I I C ~ ( U V S  A), 

PUNCT 
H B2 MAR = inventory of Type B contruners 

Type B 
MAR - room metal U W  inventory, 

more tcslstant container 
M PUNCT-6-C potentiallysameMAR - samefrequency, 

E2 

U 

A 

U 

U 

PUNCT 

Poc 
H B2 MAR = room Poc mventory 

MAR = contammation 3 grams, 
L PUNCT-4-C 10werMAR - l ~ ~ e r f r e q ~ e n ~ y ( U ~ ~  A) 

PUNCT 

LLW 
L Bl MAR = 3 grams (smgle wooden contamer) 

MAR = 3 gram (single wooden container), 

lnwokts PUNCT-4-C 
MAR = 3 grams (smgk wooden contruner), 

L PUNCT-4-C sameMAR - lowerfiequency(Uvs A), 

L PUNCT-4-C sameMAR - lowerfkquency(Uvs A), 

U 

U 

U 

~. 

L ~~~n-4-c same MAR- - loierfraquency (U vs A), 
mvokes PUNCT-4-C 
MAR = 3 grams (smgle wooden contamer), 

invokes PUNCT-4-C 

MAR = 3 grams (smgle wooden contamer), 

L PUNCT-4-C same MAR - lower frequency (U vs A), 

L PUNCT-4-C sameMAR - lowerfrequency(Uvs A), 

A 

A 

MAR = 3 grams (single wooden contamer), 

unintentional impact vs intentional move 
MAR = 3 grams (single wooden contamer), 

unintentional imbact vs intmhonal move 

L PUNCT-4-C sameMAR - samefrequency, 

L PUNCT-4-C sameMAR - samefrequency, 

U 

U 

L PUNCT-~-C sameMAR - iowerfrequency(~vs A), 
unintentional impact vs intentional move 
MAR = 3 grams (single wooden container), 

L PUNCT-4-C same MAR - lower frequency (U vs A), 
unintentional impact vs intentional move 

SCENARiO FAILURE 
MECHANISM 

contamer 
puncture due to 

impact 
contamer 

puncture due to 
imDact 

TYPE 

PUNCT-3-A 

PUNCT-3-B 

LLWm 

Type B 

contamer 
PUNCT-3-C puncture due to I I imDact 

LLWm 

contruner 

impact 
container 

PUNCT-3-C puncture due to + PUNCT-3-C puncture due to 

TRU 

Poc 
Impact 

contamer 
puncture due to 

impact 
contatner 

puncture due to 
Impact 

contruner 
puncture due to 

m0act 

LLWW PUNCT-4-A 

PUNCT-4-c 

PUNCT-4-D 

LLWW 

LLWW 

PUNCT-4-E LLWW 
contruner 

puncture due to 
unpact 

contamer 
puncture due to 

imDact 

I I I invokesPUNCT-4-C 
I MAR = 3 mms (single wooden contamer), 

PUNCT4F LLWW 

LLWW - - 
LLWW 

contamer 

PUNCT-5-A 

PUNCT-5-B 

puncture due to 
impact 

contamer 
puncture due to 

imDact 

I I I unintcnhonal imuact vs lntcntiond move 

LLWW 

PUNCTJ-c I container 
puncture due to 

ImDact 
LLWW 

PUNCT-5-D I contamer 
puncture due to 

imDact 

MAR = 3 grams (smgle wooden contamer), 
u 1 L 1 PUNm-4-c I m e w  - lowerfrequency(uvs A), LLWW 

1 I I unintenbond impact vs intentional move 
I MAR = 3 grams (single wooden contamer), container 

puncture due to 
impact 

container 
puncture due to 

impact 

PUNCT-5-E 

PUNCT-5-F 

LLWW 

LLWW 
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Table 69 Credible Puncture Scenarios I 
PUNCT-5-G 

PUNCT-5-H 

PUNCT-6-A 

PUNCT-6-c I 

contamer 

contalner 
PUNCT-4-C 

MAR = 3 grams (single wooden contamer), 
sameMAR - lowerfrequency(vvs A), 
unintentional impact vs intenbond move 
MAR = 3 grams (single wooden contalner), I MAR - 10wa fnquen~y (v vs A), 

lmpact I I I I I unintenuond unpact vs mtent~ona~ move I 
contalncr MAR = con-on 3 grams, 

puncturedueto LLWw U' L PUNCT-4-C lower MAR - ~ O W ~ ~ ~ ~ U C I X Y  (U vs A) 
impact 

contalner PUNCT 

imbact LLW 
puncturedueto LLWw U' M B2 MAR = room wooden LLW mventory 

I I r- 1 I I I I -~ 
I 

'event frequency changed to unlikely smcc prior anticipated frequency was associated with a natural phenomena event, 
'event ficquency changed to e*lnntely unlikely smcc pnor unlikely frequency was associated with a natural phenomena event 

Based on the results of Table 69, two boundmg puncture scenanos are idenhfied, both of 
whch deal wth four contamer types PUNCT-B1-LLW is an 
anticpated event dealmg wth a smgle wooden LLW contamer (LLW box contamng up to 
3 grams bounds a pallet (2 drums Impacted) of LLW drums (0 5 grams each) totalmg up to 
1 gram) bemg unpacted and punctured by a forklift tme that is used to bound twenty-me other 
eqmvalent or simrlar Scenarios, some of whch have lower fkquencies and some of whxh have 
lower MAR values, and PUNCT-B2-LLW is an unlzkely event dealmg wth an entue room 
inventory of LLW contamers bemg unpacted and punctured by structural members that is used to 
bound one other eqwvalent scenano Therefore, two boundmg scenanos dealmg wth LLW 
contamers are proposed B-PUNCT-l(LLW), an anticzputed event dealmg wth the forkhft tme 
puncture of a smgle wooden LLW contamer (covers smgle metal LLW contamer events), and 
B-PUNCT-2(LLW), an unlzkely event dealmg wth an entre room mventory of wooden LLW 
contamers (covers area mventory metal LLW contamer events) bemg impacted by structural 
members due to structure falures 

For the LLW contamers 

For the TRU waste contamers PUNCT-Bl-TRU is an unlikely event dealmg wth a 
single TRU waste contamer or pallet (TRU waste box contamng up to 320grams or pallet 
(2 drums impacted) of TRU drums (200 grams each) totalmg up to 400 grams) bemg impacted 
and punctured by a forklift tine that is used to bound twelve other equivalent or similar scenmos, 
some of which have lower frequencies, and PUNCT-B2-TRU is an unlikely event dealing wth 
an entire room inventory of TRU waste contamers being unpacted and punctured by structural 
members that is not used to bound any other scenmos Therefore, two bounding scenmos 
dealing with TRU waste contruners are proposed B-PUNCT-l(TRU), an unlzkely event dealing 
with a puncture of a single TRU waste container or a pallet of TRU waste contamers (whchever 
has a bounding MAR value), and B-PUNCT-2(TRU), an unlikely event dealing wth an entire 
room inventory of TRU waste containers being impacted by structural members due to structure 
failures 
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For the POC contamers PUNCT-B1-POC is an extremely unlzkely event dealmg wth a 
single POC contamer being impacted and punctured by a forklift tme that is used to bound two 
other sirmlar scenanos, and PUNCT-B2-POC is an extremely unlzkely event dealing wth an 
entire room inventory o f  POC contamers being unpacted and punctured by structural members 
that is not used to bound any other scenanos Therefore, two bounding scenanos dealmg wth 
POC contamers are proposed B-PUNCT-l(POC), an extremely unlzkely event dealing wth a 
puncture of  a single POC contamer, and B-PUNCT-2(POC), an extremely unlzkely event dealmg 
wth an enbre room mventory of POC contamers being mpacted by structural members due to 
structure falures 

For the Type B sluppmg contamers PUNCT-B1-Type B is an extremely unlzkely event 
dealmg wth a smgle Type B sluppmg contamer bemg unpacted and pmctured by a forklift tme 
that is not used to bound any other scenanos, and PUNCT-B2-Type B is an extremely unlzkely 
event dealmg wth an entxe room mventory of  Type B shippmg contamers bemg unpacted and 
punctured by structural members that is not used to bound any other scemos Gwen the stagrng 
locabon of  Type B sluppmg containers m Room 150, there is no suscepbbility of the staging 
locabon to either Hazard 13C (Tunnel Degradabon and Leakage) smce the room is not near a 
tunnel Therefore, PUNCT-B2-Type B is not considered a scemo o f  concern 

In summary, puncture boundmg scenanos are 

B-PUNCT-1 mvolvmg the antzcrpated puncture of a smgle LLW contamer, mvolwng 
the unZzkeZy puncture o f  a smgle TRU waste contamer or a smgle pallet of TRU waste 
contamers, and mvolvlng the extremely unZzkZy puncture o f  a single contamer (for 
each o f  Type B shppmg and POC contamers), 

B-PUNCT-1 carnes forward the followmg a s s ~ p t ~ o n s ,  protectwe features, and 
reqwrements 

A1 - contamers unlzkely to be moved under c e m  acbwbes, 
A3 - structural falures are unlzkely events, 
A6 - certam activities unlzkely to use matenal handling equipment, 
F10 - metal waste contamers unbkely to be breached by forklift tme unpacts, 
F11 - Type B shppmg contamers extremely unlzkely to be breached by forklift 

F 12 - POC contamers extremely unlzkely to be breached by forklift tme unpacts, 

B-PUNCT-2 involvmg the unlzkely puncture o f  an entire room or area o f  waste 
containers resulting fiom facility structural falures (for each of  LLW and TRU waste 
containers) and mvolving the extremely unlikely puncture o f  an entire room or area of  
POC contamers resulting fiom facility structural falures, 

B-PUNCT-2 carnes forward the followng assumptions, protective features, and 
requirements 

tine impacts, and 

A3 - structural failures are unlikely events, and 
F7 - POC contamers unlikely to be breached by structural member impacts 
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4.3.6.5 Boundinp Container Exdosion Scenanos Determination 

sCENmo 

As inchcated above, 2 contamer explosion scenano combinabons have been idenbfied as 
yieldmg R s k  Class I1 accident scenanos Contamer explosions deal wth accidents involwng the 
accumulation of hydrogen (e  g ,  fiom radiolysis) inside sealed metal waste contamers wth 
subsequent hydrogen igmbon and contamer overpressure Only one type o f  contamer is 
considered to be a candidate for both susceptibility to mtemal explosions and hydrogen 
accumulation in sufficient quantibes to yield a credible explosion scenano TRU waste 
contamers contamng up to 200 grams in drums and 320 grams m boxes TRU waste contamers 
may be located m analyzed storage locabons w h  facihbes o f  the Buildmg 991 Complex 

TYPE FREQ CONS. ZyE:' REMARKS MECHANISM 
sealed container CEXPLO 

Table 70 presents the 2 crelble contamer explosion scenano combmabons The table 
extracts infonnaQon fiom Table 62 and Table 63 and mdcates the credible contamer explosion 
scenano number, the general contamer farlure m e c h s m  associated wth the scenano (to allow 
for determmhons of smlanty), the type o f  contalner associated wth the scenano (only one 
idenbfied), the scenano mbal estmate of frequency, and the scenano mtml estimate o f  
consequence The last two columns o f  Table 70 either mchcate the boundmg scemo number (if 
bounded) and a correspondmg bnef discussion of  why the scenaflo is bounded or mdicate the 
boundmg scenano label (if the scenano is boundmg) and the correspondmg MAR 

CEXPLO- 1 -C 

CEXPLO-I-D 

In the analysis of the contamer explosion scenanos, contamer breach due to mtemal 
explosions by any means are eqmvalent as far as m a t e d  releases are concerned The hydrogen 
explosion can be mbated by stabc charge buddup m the contamer or contact wth vehcles or 
personnel holdmg a static charge The hazard evaluabon process &d not attempt to cover every 
mechamsm for hydrogen explosion mitiation (I e ,  only the WASTE and SURV mbvibes were 
considered m the evaluabon process rather than considemg all acbwbes as potenhal spark 
uubators) because the mbation mechamsm is impossible to control Stabc charge can bwld up 
for a vanety o f  reasons and rnadvertent contact wth charged vehcles, components, or personnel 
cannot be avoided Controls must focus on preventmg the hydrogen accumulation rather than the 
hydrogen explosion igmbon Therefore, exammbon o f  all acornties in the hazard evaluabon 
process was not pedormed and the fatlure mechmsms shown m Table 70 are all eqmvalent 

contact with TRU E H B1 MAR = 320 grams (largest contamer) 

h4AR = 320 grams (largest contamer), 
spark TRU 

sealed container 
contact with TRU E H CEXPLO-1-C same MAR - same frequency, I 

spark equivalent scenano 

I Table 70 Credible Container Explosion Scenarios 

Based on the results of Table 70, one bounding contamer explosion scenano is identified 
For the TRU waste containers CEXPLO-B 1 -TRU is an extremely unlikely event dealing wth a 
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TRU waste contamer internal hydrogen explosion that is used to bound one other equivalent 
scenmo The bounding scenano is re-labeled as B-CEXPLO-1 

In summary, the contamer explosion bounding scenano is 

B-CEXPLO-1 involving the extremely unlzkely explosion o f  a TRU waste contamer 
due to hydrogen generation and accumulation, 

B-CEXPLO-1 carnes forward the followmg assumpt~ons, protectwe features, and 
requlrements 

F 1 3 - contamer internal explosions extremely unlzkly events due to vents 

43.6.6 Bounding Facility Exdosion Scenanos Determmabon 

As mdxated above, 1 1  facility explosion scenano combmabons have been identified as 
yielding hsk ClassII, 111, or IV accident scenanos Fachty explosions deal wth accidents 
involvmg the exposure of  ra&oactive matenal contamers to explosions o f  various types 
Three types o f  radioactive matenal contamers may be mpacted by facdity explosions (1) TRU 
waste contamers contammg up to 200 grams m drums and 320 grams m boxes, (2) metal LLW 
contamers contammg up to 3 grams, and (3) wooden LLW contamers contamng up to 3 grams 
Waste contamers are mt~ally assumed to be located m analyzed storage locat~ons w h  
facilibes o f  the Bmldmg 991 Complex and the wooden contamers also are mbally assumed to be 
located outside 

Table 71 presents the 1 1 credible facility explosion scenano combmabons The table 
extracts mformabon from Table62 and Table63 and mdmtes the credible facility explosion 
scenano number, the general type o f  explosion associated with the scenarro (only one type 
identified - flammable gas explosion), the type of  contamer associated wth the scenano, the 
scenmo imt~al estimate o f  frequency, and the scenano mhal estunate o f  consequence The last 
two columns o f  Table71 either indicate the boundmg scenano number (if bounded) and a 
corresponding bnef discussion o f  why the scenano is bounded or mdicate the boundmg scenano 
label (if the scenano is boundmg) and the correspondmg MAR 
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I Table 71 Credible Facility Explosion Scenarios 

flammable gas MAR = contamination 3 grams, 
FEXPLO-1-A explosion LLWm E L FEXPLO-2-G lower MAR - same fkquency, more 

resistant contamer, equivalent scenano 
MAR = room metal LLW inventory, 

more resistant, equivalent sqna1-10 

MAR = room TRU waste mventory, 

equivalent sctnano 
MAR = room metal LLW inventory, 

mort reswt, equivalent sccnano 
MAR = mom TRU waste mventory, 

flammable gas 
FEXPLO-I-C explosion LLWm E M FEXPLO-2-G potenhally same MAR - same frequency, 

flammable gas 
FEXPLO-1-C explosion TRU E H FEXPLO-1-G sameMAR - ~ ~ ~ ~ e f r a q u ~ ~ ~ c y ,  

flammable gas 
FEXPLO-1-F explosion LLWm E M FEXPLO-24 pottntlally same MAR - same frequency, 

flammable gas 
FEXPLO-1-F explosion TRU E H FEXPLO-14 sameMAR - S I I I C ~ ~ ~ ~ U U I C ~ ,  

eqruvalent sccneno 
flammable gas MAR - room metal LLW mventory, 

more resistaot. equivalent scenano 

FEXPLO- 1 -G explosion TRU E H B1 MAR = room TRU waste inventory 

FEXPLO-1-G explosion LLWm E M FEXPLO-24 potentially s ~ m t  MAR - ~ 8 m e  f r c s u a ~ y ,  

flammable gas FEXPLO 

TRU 
flammable gas MAR = contammmon 3 grams, 

FEXPLO-2-A explosion LLWw E L F W L O - 2 4  I O W ~ M A R  - ~ a m e f r a q ~ ~ ~ ~ ~ ,  
eqUlVdent SceMtYo 
MAR = room wooden LLW mvcnmy, 

equivalent sctnmo 
MAR = room wooden LLW mvcntory, 

equivalent SCMano 

flammable gas 
FEXPLO-2-C explosion LLWw E M FEXPLO-24 m e M A R  - S S I I K ~ ~ ~ U C I I C Y ,  

flammable gas 
FEXPLO-2-F explosion LLWw E M FEXPLO-24 m e M A R  - ~am~firequen~y, 

flammable gas FEXPLO 
FEXPLO-2-G explosion LLWw E M B1 MAR = room wooden LLW mventory 

LLW 

Based on the results of Table 71, one boundmg facility explosion scenario is idenbfied, 
whch deals wth two contamer types FEXPLO-B1-LLW is an 
extremely unlikely event dealrng wth a room inventory of wooden LLW contamers being 
subjected to an explosion in the room (from flammable gases like propane or natural gas) that is 
used to bound seven other equivalent or similar scenmos, some of whch have lower MAR 
values The bounding scenano is re-labeled as B-FEXPLO-l(LLW) and covers similar metal 
LLW contamer events 

For the LLW contamers 

For the TRU waste contamers FEXPLO-B 1 -TRU is an extremely unlrkely event dealing 
w t h  a room inventory of TRU waste containers being subjected to an explosion in the room 
(from flammable gases like propane or natural gas) that is used to bound two other equivalent 
scenanos The bounding scenano is re-labeled as B-FEXPLO-1 (TRU) 
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In summary, facility explosion bounding scenano is 

B-FEXPLO-1 involvmg the extremely unlzkdy impact of  a facility explosion on a 
waste storage area mventory (for each of  LLW and TRU waste contamers), 

B-FEXPLO-1 cames forward the followng assumpbons, protective features, and 
requlrements 

A4 - natural gas system falures leading to explosions are extremely unZzkeZy 

F 17 - flammable gas contamers unlzkely to be breached dumg use, and 
R9 - controls in place such that flammable gas explosions are unZzkeZy to occur in 

events, 

waste storage areas 

4.3.6.7 Boundinn Cnbcalitv Scenanos Determinabon 

As mdicated above, 6 cnbcality scenano combinabons have been idenhfied as yieldmg 
h s k  Class1 or I1 accident s c e m o s  Cnticality events deal wth accidents 111volv1ng the 
rearrangement o f  radioacbve matenal contamers or the radioacbve matenal m the contamers mto 
configurations yieldmg a cnbcality Threetypes of  radioactwe matenal contamers may be 
involved in cnticality events (1) Type B shppmg contamers contamng 6,000 grams of oxlde, 
(2) POC contamers contammg up to 1,255 WG Pu equvalent grams, and (3) TRU waste 
contamers contamng up to 200 grams m drums and 320 grams m boxes The Type B slllppmg 
contamers may be located m Room 150 (vault) or may be m transit between the dock at 
Room 170 and Room 150 POC and TRU waste contamers may be located 111 analyzed storage 
locabons wthm facilibes o f  the Buldmg 991 Complex 

Table 72 presents the 6 credible cnticality scenano combinabons The table extracts 
information from Table 62 and Table 63 and mdicates the credible cnbcality scenano number, 
the general mechmsm for mducing the cnticality associated wth the scenano (to allow for 
deterrmnations o f  similanty), the type of  contamer associated wth the scenano, the scenano 
imtial estimate of  frequency, and the scenano mtial estmate of  consequence The last two 
columns o f  Table72 either mdicate the boundmg scenano number (if bounded) and a 
corresponding bnef dscussion of  why the scenano is bounded or indicate the boundmg scenano 
label (if the scenano is boundmg) and the correspondmg MAR 
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SCENARIO z&y T1IpE FREQ CONS BoUNRINc REMARKS 
SCENARIO 

rearrangement CRIT 
CRIT-4-B duetostructure TypeB E H B1 MAR = inventory of Type B containers 

impacts Type B 
rearrangement CRIT 

impacts TRU 
rearrangement CRIT 

impacts Poc 

CRIT-4-C duetostructure TRU Ut H B1 MAR = area TRU waste inventory 

CRIT-4-C duetostructure POC E* H B1 MAR = area Poc mventory 

rearrangement MAR = room TRU waste inventory, 

equivalent sccnano 
MAR - room TRU waste mventory, 

CRIT3-C dueto~plosion TRU E H CRIT-5-G sameMAR - samefiequency, 

CRIT-5-F duetoexplosion TRU E H CRIT-5-G sameMAR - samefiequency, 
rearrangement 

equivalent scenario 

rearrangement CRIT 
CRIT-5-G duetoexplosion TRU E H B2 MAR = room TRU waste inventory 

TRU 
'event frequency changed to unlikely srnce pnor anticputed frequency was associated with a natural phenomena event, 

i 

Based on the results of Table 72, two bounding cnhcality scenanos are identdied, one of 
whch deals wth three contamer types and one of whch deals wth one contamer type For the 
TRU waste contamers CRIT-Bl-TRU is an unlzkely event dealrng wth an entm room or area 
mventory of TRU waste contamers bemg dropped or unpacted leadmg to a rearrangement of the 
radioactive matenal and subsequent cntxality that is not used to bound any other scenanos, and 
CRIT-B2-TRU is an extremely unlzkely event dealmg wth an en- room mventory of TRU 
waste contamers bemg subjected to an explosion m the room @om flammable gases &e propane 
or natural gas) that is used to bound two other equvalent scenanos Therefore, two boundmg 
scenanos dealing wth TRU waste contamers are proposed B-CRIT-l(TRU), an unlikely event 
dealmg wth an entire room or area mventory of TRU waste contamers bemg dropped or 
impacted due to structure fmlures, and B - C R I T - 2 0 ,  an extremely unlzkely event dealing wth 
an entue room inventory of TRU waste contamers being subjected to a flammable gas explosion 
in the room 

For the POC contamers CRIT-B1-POC is an extremely unlrkely event dealmg wth  an 
entire room or area mventory of POC contamers being dropped or impacted leading to a 
rearrangement of the radioactive matenal and subsequent cnticality that is not used to bound any 
other scenanos The bounding scenmo is re-labeled as B-CFUT- 1 (POC) 

For the Type B shipping containers CRIT-B1-Type B is an extremely unlikely event 
dealing with an entire room inventory of Type B shpping contamers being dropped or impacted 
leading to a rearrangement of the radioactive matenal and subsequent cnticality that is not used 
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to bound any other scenanos Given the staging locabon o f  TypeB shpping contamers in 
Room 150, there is no susceptibility of  the stagmg location to either Hazard 13C (Tunnel 
Degradation and Leakage) or Hazard 13E (Floor Loading) smce the room is not near a tunnel and 
IS not located over an open area below the floonng Transient exposure to Hazard 13E by a 
matenal handling vehcle carrying Type B shipping contamers is not considered a sufficient load 
to fa1 the floor for the areas mvolved in the movement Therefore, CRIT-B1-Type B is not 
considered a scenano of  concern 

In summary, cnhcality bounding scenanos are 

B-CRIT-1 mvolmg the unlikely rearrangement o f  an entre room or area of TRU 
waste containers resultmg from facility structural failures leadmg to a cntmility and 
mvolvmg the extremely unlzkely rearrangement o f  an entue room or area of POC 
contamers resultmg from facility structural fmlures leadmg to a cntdi ty ,  

B-CRIT-1 carnes forward the followmg assumpt~ons, protectwe features, and 
requrements 

A3 - structural fmlures are unlikely events, 
F6 - TypeB shppmg contamers unlikely to be breached by structural member 

F7 - POC contamers unlzkely to be breached by structural member mpacts, 

B-CRIT-2 mvolvmg the extremely unlzkely rearrangement of  an entue room of  TRU 
waste contamers resultmg from a flammable gas explosion leadmg to a cnticality, 

B-CRIT-2 cames forward the followmg assumpt~ons, protecbve features, and 
requrements 

A4 - natural gas system falures leadmg to explosions are extremely unlikely 

F 17 - flammable gas contamers unlikely to be breached durrng use, and 
R9 - controls m place such that flammable gas explosions are unlikely to occur III 

Impacts, and 

events, 

waste storage areas 

4.3.6.8 Natural Phenomena and External Event Scenanos Determination 

As indicated earlier, the process for natural phenomena and external event scenano 
selection wll focus on individual natural phenomena and external events rather than on s c e m o  
combinations, as was done for the internal event bounding scenano selections When evaluating 
individual natural phenomena and external events, consideration should be given to the credible 
scenano combinations displayed in hazard evaluation summary, Table 64 For each natural 
phenomena and external event considered in the hazard evaluation, a set of  scenanos can be 
identified Table 73 presents the credible scenano combinations for each natural phenomena and 
external event based on the hazard evaluation process and information extracted from Table 62 
and Table 63 The order o f  natural phenomena and external event presentation follows the order 
of presentation in Table 8 Scenmo combination frequency adjustments have been made per the 
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natural phenomenalexternal event frequency assumptions presented in Table 61 
purposes of  Table 73, natural phenomena events are considered to be external events 

For the 

Table 73 is intended to be used dung the evaluation o f  natural phenomena and external 
events as gudance m the type o f  accident scenarios that can be imtiated by the events Many of 
the scenano combinations listed m the table can ultlmately be combmed m the evaluation of the 
external event due to worst case assumptions For example, it would not be necessary to evaluate 
wooden LLW contamers bemg impacted by an external event if the same event can impact TRU 
waste contamers m the facility 

Table 73 Natural Phenomena and External Event Credible Scenario Combinations 
*.' 

,"I 

Seismic 

Seismic 

Seismic 
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Facility fire - full inventory 
[Combinabon A / C /E  / F / G / H frequencies lnihally 
set using internal event (v) not modified to reflect 
seismic (v)] 

Facility fire - full inventory 
[Combination A / C / E  / F / G / H frequencies inihally 
set usmg mtemal event (U) not modified to reflect 
seismic 0 1  

Structural impact induced spill - full inventory 
[Combination A / C frequencies initially set using high 
wind (A) adjusted down one frequency bin to reflect 
seismic 0, Type B / POC container failure frequency 
idditionally adjusted down one frequency bin due to 
strength] 

@s!@$$R 
-3-A 

FFIRE-3-c 

FFIRE-3-E 

FFIRE-3-F 

FFIRE-3-G 

FFIRE3-H 

FFIRE-4-A 

FFlRE4-C 

FFIRE-4-E 

FFERE-4-F 

FFIRE-4-G 

FFIRE-4-H 

SPILL-3-A 

SPILL-3-B 

SPILL-3-c 

- 
AWPE 

LLW 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

Type B 

LLW 
TRU 
POC 

- =Q. 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 

U 

U 

U 

U 

U 

U 

E 

U 
U 
E 

CONS. 
L 

H 
H 

H -  
H 

H 
H 

H 
H 

H 
H 

L 

H 

H 

H 

H 

H 

L 

H 

M 
H 
H 

- 
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Table 73 Natural Phenomena and External Event Credible Scenario Combinations 

EE 
Seismic 

Seismic 

Seismic 

Seismic 

SCENARIO DESCRIPTION AND COMMENTS 

Stack topple induced spill - stacked container inventory 
[Combination B / C frequencies initially set using 
internal event (A) adjusted down one frequency bin to 
reflect seismic 0, Combination A / D / E / F / G / H 
frequencies initially set using internal event (U) not 
modified to reflect seismic 0 1  

S t r u d  unpact mduced spill - full inventory 
[Combination A / C ~ u e n c i e s  miually set usmg high 
wmd (A) adjusted down one frequency bin to reflect 
seismic (U)] 

Stack topple mduced spill - stacked container mventory 
[Combmation B / C frequencies initially set using 
internal event (A) adjusted down one frequency bin to 
reflect seismic 0, Combination A / D / E / F / G / H 
frequencies iniually set using internal event (U) not 
modified to reflect seismic 0 1  

Structural impact induced puncture - full inventory 
[Combination A / C frequencies initially set using high 
wind (A) adjusted down one frequency bin to reflect 
seismic (U), Type B / POC container failure frequency 
additionally adjusted down one frequency bin due to 
strength] 
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SCENARTO 
SPILL-4-A 

SPILL-4-B 

SPILL-4-c 

SPILL4D 

SPILL-4-E 

SPILL-4-F 

SPILL-4-G 

SPILL4H 

SPILL-7-4 

SPILL-7-c 

SPILL-8-A 

SPILL-8-B 

SPILL-8-C 

SPILL-8-D 

SPILL-8-E 

SPILL-8-F 

SPILL-8-G 

SPILL-8-H 

PUNCT-3-A 

PUNCTS-B 

PUNCT-3-C 

TYPE 
LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 

LLW 

- 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

Type B 

LLW 
TRU 
POC 
- 

=Q - 
U 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

E 

U 
U 
E 

CONS 
L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 

M 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

M 
H 
H 
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Table 73 Natural Phenomena and External Event Credible Scenano Combinations 

"WE 
LLW 

LLW 

LLW 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 

LLW 

LLW 

LLW 

?LpeB 

TRU 
POC 

TRU 

TRU 

TRU 

EE . FREp CONS. 

w L 

U M 

E L 

E M 
E H 

E M 
E H 

E M 
E H 

E L 

E M 

E M 

E M 

E H 

U H 
E H 

E H 

E H 

E H 

Seismic 

Seismic 

Seismic 

Seismic 

Seismic 

SCENARIO DESCRWTON AND COMMENTS 

Structural impact induced puncture - full inventory 
[Combination A / C frequencies initially set using high 
wind (A) adj~sted down one fraquency bin to reflect 
seismic (U)] 

Facility explosion induced spill - mom inventory 
[Combinabon F / G fiquencies initially set using 
internal event (E) not modified to reflect seismic 
impact on natural gas (E)] 

Facility explosion mduced spill - mom inventory 
[Combmaon F I G fiqucncies initially set using 
internal event (E) not modified to reflect seismic 
unpact on natural gas (E)] 

Sbuctural impact mduced spill and subsequent 

[Combination C fresuency mitrally set using high wind 
(A) adjusted down one fresuency bin to reflect seismic 
(U), Type B / POC contamer frulure frequency 
addihonally adjusted down one frequency bin due to 

Cfltlcallty - fill1 mvcntory 

-@I 

Facility explosion mduced spill and subsequent 
cnbcality - mom mventory 
[Combinahon F / G frequencies initially set using 
mtmal event (E) not modified to reflect seismic 
unpact on natural gas (E)] 
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SCENARIO 

PUNCT-6-A 

PUNCT-6-C 

FEXPLO- 1 -A 

FEXPLO- I -C 

FEXPLO- 1 -F 

FEXPLO-14 

FEXPLO-2-A 

FEXPLO-2-c 

FEXPLO-2-F 

FEXPLO-24 

CRTT-4-B 

CRIT-4-C 

ClUT-5-C 

CRTT-5-F 

CRIT-54  
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Table 73 Natural Phenomena and External Event Credible Scenario Combinations 

m 
Lightning 

Lightning 

Lightning 

Lightning 

SCENARIO DEscRlpTION AND COMMENTS 

Facility fire - part~al inventory 
[Combination A / C / E / F / G / H frequencies initially 
set using internal event (U) not modified to reflect 
combination of lightning and combustibles (U)] 

F ~ i l i t y  fire - parUal mvtntory 
[Combination A / C /E / F / G / H frequencies inibally 
set using internal event (U) not modified to reflect 
combination of lightning and combustibles 0 1  

Facility explosion mduced spill - room inventory 
[Combinabon A / C frequencies mitially set using 
seismic event (E) not modified to reflect lightning 
m k e  and rupture of natural gas line (E), 
Combination F / G frequencies mitially set usmg 
internal event (E) not moddied to reflect lightning 
stnke and rupture o f  natural gas line (E)] 

Facility explosion induced spill - room inventory 
[Combination A / C frequencies initially set using 
ieismic event (E) not modified to reflect lightning 
;trike and rupture o f  natural gas line (E), 
:ombination F / G frequencies initially set using 
nternal event (E) not modified to reflect lightning 
mke and rupture of natural gas h e  (E)] 

SCENARIO 

FFIRE-3-A 

FFIRE-3-C 

FFIRE-3-E 

FFIRE-3-F 

FFIRE-3-G 

FFIRE-3-H 

FFIRE-4-A 

FFIRE-4-c 

FFIRE-4-E 

FFIRE-4-F 

FFm-4-G 

FFIRE-4-H 

FEXPLO- 1 -A 

FEXPLO-I-c 

FEXPLO- 1 -F 

FEXPLO- 1 -G 

FEXPLO-2-A 

FEXPLO-2-C 

FEXPLO-2-F 

PEXPLO-2-G 

TYPE 
LLW 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 

LLW 

LLW 

LLW 

- 
FREQ, 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 
U 

U 

U 

U 

U 

U 

U 

E 

E 
E 

E 
E 

E 
E 

E 

E 

E 

E 

- 
CONS. 

L 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

L 

H 

H 

H 

H 

H 

L 

M 
H 

M 
H 

M 
H 

L 

M 

M 

M 

- 

- 
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Table 73 Natural Phenomena and External Event Credible Scenario Combinahons 

Aircraftcrash 

h r &  Crash 

I 

Revision 2 
September 1999 

S&NARIO DESCRIPTION AND COMMENTS 
Facility explosion induced spill and subsequent 
cnticality - room inventory 
[Combination C frequency initially set using seismic 
event (E) not modified to reflect lightning strike and 
rupture of natural gas line (E), Combmation F / G 
frequencies initially set using internal event (E) not 
modified to reflect lightning stnke and rupture o f  
natural gas line (E)] 

Fuel fire - partial inventory 
[Combmation C fquency  initially set using internal 
event (LJ) adjusted down one frequency bin to reflect 
a r c d l  crash (E) and then not modified for fire 
Pl.OMrnon1 

Facility fm - p m a l  mventory 
[CombinaQon A / C / E / F / G / H frtquencies mitlally 
set usmg internal event (v) adjusted down one 
frequency bin to reflect aucraft crash (E)] 

Structural impact mduced spill - partial inventory 
[Combmation A / C fTCquencies initially set using high 
wmd (A) adjusted down two frrquency bins to reflect 
atrcraft crash (E), Combinwon B frequency initially 
set using seismic (LJ) adjusted down one frequency bin 
to reflect lurcraft crash (E), Type B / POC container 
falure frequency additionally adjusted down one 
frequency bin due to strength] 

SCENARIO 
CRITS-C 

CUT-5-F 

CRIT-5-G 

FFIRE-2-c 

FFIRE-4-A 

FFIRE-4-C 

FFIRE-4-E 

FFIRE-4-F 

FFIRE-4-G 

FFIRE-4-H 

SPILL-3-A 

SPILL-3-B 

SPILL3-c 

TYPE 

TRU 

TRU 

TRU 

LLW 
TRU 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

TypeB 

LLW 
TRU 
POC 

=Q 
E 

E 

E 

E 
E 

E 

E 

E 

E 

E 

E 

E 

NC 

E 
E 

NC 

CONS 

H 

H 

H 

H 
H 

L 

H 

H 

H 

H 

H 

L 

none 

M 
H 

none 
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Table 73 Natural Phenomena and External Event Credible Scenario Combinations 

SCENARIO DESCRIPTION AND COMMENT8 

Stack topple induced spill - partial stacked contamer 
inventory 
[Combination B I C  frequencies initially set using 
internal event (A) adjusted down two frequency bins to 
reflect rurcraft crash (E), Combination A / D / E / F / G 
/ H frcquencies initially set using internal event (U) 
adjusted down one frequency bin to reflect arcraft 
crash (Ell 

Structural lmpact mduced spill - part~al inventory 
[Combmatron A / C frequencies mihally set usmg high 
wind (A) adjusted down two frequency bins to reflect 
aucrafI crash (Ell 

Stack topple induced spill - part~al stacked conmna 
inventory 
[Combinahon B / C frequencies initrally set using 
internal event (A) adjusted down two frequency bins to 
reflect arcraft crash (E), Combination A / D / E / F / G 
/ H frcquencies initmlly set using internal event (U) 
adjusted down one frequency bin to reflect aircraft 
crash (E11 

Structural impact induced puncture - partial inventory 
[Combination A / C frequencies initially set using high 
wind (A) adjusted down two frequency bins to reflect 
aircraft crash (E), Combination B frequency initially 
set using seismic (v) adjusted down one frequency bin 
to reflect aircraft crash (E), Type B / POC container 
failure frequency additionally adjusted down one 
frequency bin due to strength] 

SCENARIO 
SPILL-4-A 

SPILL-4-B 

SPILL-4-C 

SPILL4D 

SPILL-4-E 

SPILL4F 

SPILL-4-G 

SPILL-4-H 

SPILL-7-A 

SPILL-7-c 

SPILL-8-A 

SPILL-8-B 

SPILL-8-C 

SPILL-8-D 

SPILL-8-E 

SPILL-8-F 

SPILL-8-G 

SPILL-8-H 

PUNCT-3-A 

PUNCT-3-B 

PUNCT-3-C 

TYPE 
LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

Type B 

LLW 
TRU 
POC 

FREQ. 
E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

NC 

E 
E 

NC 

CONS 
L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

L 

M 

L 

L 

L 

L 

L 

L 

L 

L 

L 

none 

M 
H 

none 
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Table 73 Natural Phenomena and External Event Credible Scenario Combinatrons 

EE 
Aircraft Crash 

Aircraft Crash 

A d c r a s h  

Range fire- 

Range Fire 

SCENARXO DESlcRTpTIONN COMMENTS 
Structural impact induced puncture - partial inventory 
[Combination A / C frequencies initially set using high 
wind (A) adjusted down two frequency bins to reflect 
arcraft crash (E)] 

No impact 
[Aimaft crash induced facility explosion involving 
natural gas or propane leadmg to spill or cntlcality is 
considered to be not credible due to fire related to the 
event reducmg the Idcellhood of gas buildup to 
explosive levels and the likelihood of an arcraft crash 
(Ell 

Structural mpact mduced spill and subsequent 

[Combinatlon C frequency mitlally set using high wmd 
(A) adj~sted down two frequency bins to reflect 
arcraft crash (E), Combmatlon B frequency mihally 
set using seismic (U) adjusted down one frequency bin 
to reflect arcraft crash (E), Type B / POC contamer 
falure frcquency additlonally adjusted down one 
frequency bin due to strength] 

cntlcality - partlal lnventory 

~ 

Facility fire - part~al inventory 
[Combinatlon A / C / E / F / G / H frequencies mitially 
set usmg mtemal event (v) adjusted down one 
frequency bin to reflect range fire (E)] 

Facility fire - partial inventory 
[Cornbination A / C / E / F / G / H frequencies initially 
set using internal event (U) adjusted down one 
frequency bin to reflect range fire (E)] 

SCENARIO 
PUNCT-6-A 

PUNCT-6-c 

FEXPLO-1 
FEXPLO-2 

CRIT-5 

CRIT-4-B 

cRIT-4-c 

WIRE-3-A 

FFIRE-3-c 

FFIRE-3-E 

WIRE-3-F 

FFIRE3-G 

FFIRE-3-H 

FFIRE-4-A 

FFIRE-4-C 

FFIRE-4-E 

FFIRE-4-F 

FFIRE-4-G 

FFIRE-4-H 

TYPE 
LLW 

LLW 

- 

- 
U W  

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 
TRU 

LLW 

LLW 

LLW 

LLW 

LLW 

LLW 

PlREQ - 
E 

E 

NC 

NC 

E 
NC 

- 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E 

E 

E 

E 

E 

E 

CONS 

L 

M 

none 

none 

H 
none 

L 

H 
H 

H 
H 

H 
H 

H 
H 

H 
H 

L 

H 

H 

H 

H 

H 
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Table 73 Natural Phenomena and External Event Credible Scenario Combinations 

EE 

High Wind 

High Wind 

High Wind 

High Wind 

High Wmd 

High Wind 

Tornado r Tornado 

SCENARIO DESCRIPTIONAND COMMENTS 

Structural impact induced spill - partial inventory 
[Combination B frtquency initially set using seismic 
(U) not modified to reflect high wmd in combination 
with area is a vault (U), Type B / POC contamer farlurc 
frequency additionally adjusted down one frequency 
bin due to strength] 

Structural impact induced spill - @a1 mventory 

Structural impact induced puncture - partial mventory 
[Combmation B frequency initially set using seismic 
(U) not modlfrcd to reflect hgh wmd in combmuon 
with area IS a vault 0, Type B / Poc contamer faulure 
frequency additionally adjusted down one frequency 
bin due to strength] 

Structural unpact mduced puncture - partial inventory 

No unpact 
[High wmd m d u d  facility explosion involvmg 
natural gas or propane leadmg to spill or criticality is 
considered to be not credible due to dispersal of gas by 
the wind reducing the likellhood of gas buildup to 
explosive levels] 

Structural impact induced spill and subsequent 
nticality - p m a l  mventory 
[Combination B frequency initially set using seismic 
:U) not modified to reflect high wmd in combination 
with area is a vault (U), Type B / POC container farlure 
kequency additionally adjusted down one frequency 
>in due to strength] 

Structural impact induced spill - partial inventory 
'Combination A / C frequencies initially set using high 
Mind (A) adjusted down one frequency bin to reflect 
ornado (U), Combination B frequency initially set 
ising seismic (U) not modified to reflect tornado 0, 
rype B / POC contamer failure frequency addihonally 
idjusted down one frequency bin due to strength] 

jtructural impact induced spill - partial inventory 
Combination A / C frequencies initially set using high 
wind (A) adjusted down one frequency bin to reflect 
ornado (U)] 

SCENARIO 

SPILL-3-A 

SPILL-3-B 

SPILL-3-c 

SPILL-7-A 

SPILL-7-c 

PUNCT-3-A 

PUNCT-3-B 

PUNCT3-c 

PUNCT-6-A 

PUNCT-6-C 

FEXPLO-I 
FEXPLO-2 

CRIT-5 

CRIT-4-B 

CRIT-4-C 

SPILL-3-A 

SPILL-3-B 

SPILL-3-c 

SPILL-7-A 

SPILL-7-c 

m x  
LLW 

Type B 

LLW 
TRU 
Poc 

LLW 

LLW 

LLW 

- 

- 

Type B 

LLW 
TRU 
Poc 

LLW 

LLW 

TypeB 

TRU 
POC 

- - 
LLW 

TYPC €3 

LLW 
TRU 
POC 

LLW 

LLW 

A 

E (vault) 

A 
A 
U 

A 

A 

A 

E (vault) 

A 
A 
U 

A 

A 

NC 

igiaiy 
A 
U 

- - 
U 

E 

U 
U 
E 

U 

U 

CONS 

L 

H 

M 
H 
H 

L 

M 

L 

H 

M 
H 
H 

L 

M 

none 

H 

H 
H 

- - 
L 

H 

M 
H 
H 

L 

M 
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Table 73 Natural Phenomena and External Event Credible Scenario Combinations 

Tornado 

EE 
Tornado 

No impact 
pornado induced facility explosion mvolving natural 
gas or propane leading to spill or cnt~cality is 
considered to be not credible due to dispersal of gas by 
the wind reducing the likelhood of gas buildup to 
explosive levels] 

Tornado 

Weavy m n  induced spill from topplmg waste 
contruner stacks is considered to be not credible due to 
low energy associated with flooding events and 
resistance o f  stacks to toppling] 

SCENARIO DJBCRPTION AND COMMENTS 

[combination A / C frequencies initially set using high 
wind (A) not modified to reflect heavy snow (A), 
Combination B frequency iniually set using seismic 
(U) not modified to reflect heavy snow in combination 
with area is a vault (U), Type B / POC contamer falure 
frequency additionally adjusted down one frequency 
bin due to strength] 

Structural impact induced puncture - partial inventory 
[Combination A / C frequencies initially set using high 
wind (A) adjusted down one frequency bin to reflect 
tornado (U), Combmation B frequency initially set 
using seismic (U) not modified to reflect tornado 0, 
Type B / POC contruner falure frequency additionally 
adjusted down one frequency bin due to strength] 

Structural impact induced puncture - partial inventory 
[Combination A I C ficqutncics inihally set using high 
wind (A) adjusted down one frequency bm to reflect 
tornado 0 1  

Tornado Structural impact induced spill and subsequent 
cntIcality - partial inventory 
[Combinauon C frequency initially set usmg high wind 
(A) adjusted down one frequency bin to reflect tornado 
0, Combinmon B fresuency inihally set usmg 
seismic 0 not modified to reflect tomado 0, Type B 
/ POC contamer falure fresuency addihonally adjusted 
down one frequency bin due to strength] 

Flooding No impact 
[Flooding induced spill from toppling waste contamer 
stacks is considered to be not credible due to low 
energy associated with flooding events and resistance 
o f  stacks to toppling] 

SCENARIO 
PUNCT-3-A 

PUNCT-3-B 

PUNCT-3-c 

PUNCT-6-A 

PUNCT-6-C 

FEXPLO- 1 
FEXPLO-2 

CRIT-5 

CRIT-4-B 

CRIT-4-C 

SPILL-4 
SPILL-8 

SPILL-4 
SPILL-8 

SPILL-3-A 

SPILLS-B 

SPILL-3-c 
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Table 73 Natural Phenomena and External Event Credible Scenario Combinations 

SCENARIO DESCRUPTION AND COMMENTS 

[Combination A / C frequencies initially set using high 
Structural impact induced spill - partial inventory 

wind (A) not modified to reflect heavy snow (A)] 

EE 
Heavy Snow 

SCENARIO TYPE 
SPILL-7-A LLW 

SPILL-7-C LLW 

Heavy Snow 

A 
A 
U 

M 
H 
H 

Structural impact induced puncture - partial inventory 
[Combination A / C frequencies initially set using high 
wmd (A) not modified to reflect heavy snow (A), 
Combination B frequency initrally set using seismic 
(U) not modified to reflect heavy snow in combination 
with area is a vault 0, Type B / POC container falure 
frequency additronally adjusted down one frequency 
bin due to strength] 

Heavy Snow 

PUNCT-3-A 

PUNCT-3-B 

PUNCT-3-c 

Structural impact induced puncture - partial inventory PuNCT-6-A LLW A L 

wind (A) not modified to reflect heavy snow (A)] PuNcT-6-c LLW A M 
[Combmon A / C frequencies mitially set using high 

LLW 

T W B  

LLW 
TRU 
Poc 

A 

E (vault) 

- 
L 

H 

Heavy Snow Structural unpact induced spill and subsequent 
mtrcality - part~al mventory 
[Combmation C frequency initially set using high wind 
(A) not modified to reflect heavy snow (A), 
Combinmon B frequency mitially set using seismic 
(U) not modified to reflect heavy snow in combmaon 
with area IS a vault 0, Type B / POC contamer falure 
frequency addibonally adjusted down one frequency 
bin due to strength] 

CRIT-4-B 

cRIT-4-c 

T W B  

TRU 
Poc 

H 

H 
H 

I I I I I 

Freenng I Noimpact I SPILL4 I I NC I none 
[Fmung (and subsequent pipe break) induced spill 
from toppling waste contamer stacks is considered to 
be not credible due to low energy associated with 
floodmg events and resistance of stacks to toppling] 

SPILL-8 

~ ~~ ~ ~~~~~~~ ~ ~ ~ 

The follovmg conclusions can be reached deallng wth natural phenomena and external 
events based on the donnabon presented in Table 73 and these results should be considered m 
the evaluation o f  accident scenanos associated wth the events 

Seismic events have the potential to imbate (1) unlikely facility fire scenanos 
involving LLW and TRU waste contzuners, (2) unlzkely spill scenanos involving 
LLW and TRU waste contamers, (3) extrerneZy unlikely spill scenanos involving POC 
and Type B shipping containers, (4) unlzkely puncture scenanos mvolving LLW and 
TRU waste containers, ( 5 )  exfrernely unlzkely puncture scenanos involving POC and 
Type B shpping containers, (6) extremely unlzkely facility explosion scenanos 
involving LL W and TRU waste contamers, (7) unZikely cnticality scenanos involving 
TRU waste containers, and ( 8 )  extremely unlikely cnticality scenanos involving TRU 
waste, POC, and Type B shppmg contamers, 
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Lightmng events have the potential to imbate (1) unlikely facility fire scenanos 
mvolving LLW and TRU waste contamers, (2)  extremely unlzkely facility explosion 
scenanos involvmg LLW and TRU waste conbtners, and (3)extremeZy unZzkeZy 
cnticality scenanos mvolvmg TRU waste contamers, 

Aircraft crash events have the potential to imtiate (1) extremely unZzkeZy facility fire 
scenarros mvolvlng LLW and TRU waste contamers, (2)extremely unlzkeZy spill 
s cemos  mvolving LLW and TRU waste contamers, ( 3 )  extremely unlzkely puncture 
scenanos mvolvmg LLW and TRU waste conbtners, and (4)extremeZy unZzkZy 
cntrcality scenmos mvolvmg TRU waste contamers, 

0 Range fire events have the potenbal to imtiate (1) extremely unZzkeZy facility fire 
scenanos mvolvlng LLW and TRU waste contamen, 

High wmd events have the potenbal to mtiate (1) antzczputed spill scenanos 
mvolvmg LLW and TRU waste contamers, (2) unlzkely spill scenanos mvolvmg POC 
contamers, (3)antzcpated puncture scenarros involvmg LLW and TRU waste 
contamers, (4) unZzkZy puncture scenarros mvolvmg POC contamen, (5) antzczpted 
cnbcality scenanos mvolvmg TRU waste contamers, (6) unlzkdy cnbcality scenmos 
mvolvmg POC contamers, and (7) extremely unlzkely cntrcality scenarros involvmg 
Type B shppmg contamers, 

Tornado events have the potenbal to mtrate (1) unlzkely spill scenarros mvolvlng 
LLW and TRU waste conbtners, (2) extremely unZzkely spill scenanos mvolmg POC 
contamers, (3) unlzkely puncture scenanos involvmg LLW and TRU waste contamers, 
(4) extremely unlzkely puncture scenarros mvolvlng POC contamen, (5) unlzkely 
cntidity scenmos mvolvlng TRU waste contamers, and (6)extremely unZzkZy 
cnbcality scemos mvolvmg POC and Type B shlppmg contamen, 

Heavy ram events do not have a credible potential to mtiate any scenanos (floodmg 
scenanos have little lmpact due to lack of contarmnabon), 

Floodlng events do not have a credible potenttal to inibate any scenanos (floodmg 
scenmos have little impact due to lack of contammabon), 

Heavy snow events have the potential to imtiate (1)antzczpated spill scenanos 
involving LLW and TRU waste contsuners, (2) unlzkely spill scenanos mvolving POC 
containers, (3) extremely unlikely spill scenanos involving Type B shppmg 
containers, (4) antzczpated puncture scenanos involving LLW and TRU waste 
containers, ( 5 )  unlikely puncture scenanos involving POC conbtners, (6) extremely 
unlikely puncture scenanos involving Type B shpping contamers, (7) antzczpated 
cnticality scenarios involving TRU waste containers, (8) unZzkeZy cnticality scenanos 
involving POC contaners, and (9) extremely unlikely cnticality scenmos involving 
Type B shpping contamers, and 
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Freezmg events do not have a credible potentral to initiate any s c e m o s  (floodmg 
scenanos have little impact due to lack of contamination) 

- 
A17 

In the evaluation of natural phenomena and external event credible scenano 
combinations, mulfiple scenano combmations were determined to be not credible based on old 
and some new assumpfions, protective features, and requirements Table 74 presents a hsfing of 
the new assumpbons (coded by the letter “A”) made, and new requlrements (coded by the letter 
“R’) specified m the deternation of not crehble natural phenomena and external events The 
scenanos to whrch each assumpfion or requirement applies are listed m the table along mth the 
impact of the assumpbon or reqmment 

A 16 

Table 74 New AssumptiondRequirements for External Event Not Credible Scenarios I 

Natural gas or propane FEXPLO-I [high wmd] 
explosions are not expected to 
occur followmg high wmd or 

FEXPLO-2 b~gh m d ]  
CRIT-5 [high wmd] 

tornado events due to the wmd 
dispersal of the flammable 
gases preventmg the buildup of 
gases to explosive levels 

FEmLO- 1 [tornado] 
FEXPLO-2 [tornado] 

CRIT-5 [tornado] 

explosiois are notexpected to 
occur followlng an aircraft 
crash event due to the fm 
associated with the event 
preventmg the buildup of gases 
to explosive levels 

FEXPLO-2 [ a d  cra~hj 
CRIT-5 [amaft crash] 

1 Forces associated with waste 
I storage area floodmg followmg 
heavy ram, floodmg, or 
fieezmg mduced floodmg 
events are not expected to be 
sufficient to result m waste 
contamer stack topplmg 

SPILL4 [heavy ram] 

SPILL4 [floodmg] 
SPILL-8 [heavy ram] 

SPILL-8 [ f l~dmg] 
SPILL4 [fieemg] 
SPILL-8 [fieemg] 

matenal contamer fiulure h m  scenanos 
dealmg with natural gas or propane 
explosions following an amraft crash to 
Beyond Extremely Unlikely 

Reduces the Welihood of A o a m v e  
matenal contamer Wure fiom scenarios 
dealmg with natural gas or propane 
explosions followmg high wmd or 
tornado events to Beyond ktremely 
Unllkely 

Reduces the likelihood of radioactwe 
matenal contamer failure from scenanos 
dealmg with f l h g  followmg heavy 
ram, floodmg, or freezing mduced 
floodmg events to Beyond Ertremely 
Unlikely 

1 

The assumptions, protective features, and requirements supporting the determination that 
a natural phenomena or external event scenano combination is not credible are identified, 
defined, and discussed in Table 62, Table 63, Table 73, and Table 74 Table 75 lists the 
21 scenano combinations (I e ,  scenano label, contamer type, and external event) that were 
determmed to be not credible along with the controls (from Table 61 and Table 74) that support 
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and maintain that determmabon These identdied controls must be included in the TSR control 
set for the Building 991 Complex 

Table 75 Credited Protective Features and Requirements Yielding Not Credible Scenarios 

SCENARIO CODE 
SPILL-3-B [amraft crash], 
PUNCT-3-B [aucraft crash], 
CRIT-4-B [amraft crash] 

SPILL-3-C [almafi crash], 

CRIT-4-C [almaft crash] 

SPILL4 [heavy ram], 
SPILL-8 [heavy ram], 
SPILL4 [floodmg], 

SPILL4 [fieemg], 
SPILL-8 [fieemg] 

PUNCT-3-C [d crash], 

SPILL-8 [floodmg], 

FEXPLO-1 [arcraft crash], 
FEXPLO-2 [ U C ~  a h ] ,  
CRIT-5 [=craft crash] 

FEXPLO-1 [high wmd], 
FEXPLO-2 [high wmd], 
CRIT-5 [high wmd], 
FEXPLO- 1 [tornado], 
FEXPLO-2 [tornado], 
CRIT-5 [tomado] 

TYPE 

Type B 

- 
Pot 

waste 
contamer 

ASSUMPTION /FEATURE I REQUIREMENT 
A3R6 - unlikely to be breached by structural 
member unpact and extremely unlikely aucraft crash 

A3/F7 - ~dtkly to be breached by structural 
member unpact and extremely unlikely aucraft crash 

A 17 - f l d g  events cannot lead to the topplmg of 
a stack of waste contamers 

A15 - amraft crash cannot lead to a facility 
explosion event mvolvmg natural gas or propane 

A 16 - high wmds or tornadoes cannot lead to a 
facility explosion event mvolvmg natural gas or 
propane 

No control, 
basic 

assumption 

No control, 
basic 

assumptlon 

No control, 
basic 

assumptlon 
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5. ACCIDENT ANALYSIS 

The accident analysis process examines each o f  the bounding accident scenanos defined 
in Section 4 3 6, Boundzng Scenario Selection The exammabon and analysis performs mulbple 
hct ions  including (1) determination o f  any potenbal analysis vanabons for each accident 
scenano (e g , a fire s c e m o  can occur in an area supported by fire suppression and can occur in 
an area wth no automabc fire suppression capability), (2)refinement o f  accident scenano 
progression, (3) refinement o f  accident scenano mbal fkquency bm assignment, (4) refinement 
of  accident scenano mbal consequence bin assignment, (5) determmabon o f  boundmg accident 
scenano nsk class, (6) idenbfication o f  any addibonal protectwe features that could be credlted 
to reduce the nsk class associated wth undesired, hgh nsk, boundmg accident scenanos, and 
(7) deternunabon o f  the final prevented / mitigated accident scenano nsk class 

There are SIX general types o f  accident scenanos idenbfied m the Safety Analysis hazard 
evaluabon that can yield a radiological release (1) facility fire, (2) spill, (3) puncture, 
(4) contamer explosion, (5) facility explosion, and (6) cnbcality These six general types o f  
scenanos may be mbated by internal, natural phenomena, and external events There may be 
multiple specific accident scenanos idenbfied wthm each general type o f  accident scenano to 
cover vanations m mbatmg events wthm a general scenano type and to cover vanabons in 
accident locabons wthm the Bullding 991 Complex m the case o f  m t e d  mbatmg events 
Natural phenomena and external event accident scenanos are analyzed m a global fashon and 
evaluate dl potenbal types o f  accidents that can result fiom the external mbating event (e g , a 
seismc event may mbate facility fires, spills, punctures, facility explosions, and criticalities) 

The idenbfied accident scenarios may mpact up to five types of  radioactive matenal 
contamers that are dlstmgulshed by the type o f  radioacbve matenal that they contam, the 
quanbty o f  radoactive matenal that they contam, and the resistance o f  the contamer to vanous 
accident scenanos The five contamers defined for the Safety Analysis are (1) Type B sluppmg 
contamers, (2)POCs, (3)metal TRU waste contamers, drums or boxes, (4)metal LLW 
contamers, drums or boxes, and (5) wooden LLW boxedcrates Radtoacbve matenal contamed 
as contarmnation m filter plenums, in ducting, in vanous components, and on structures has been 
determmed to represent a Standard Industnal Hazard due to negligible conbumnabon levels (see 
the Contammabon Hazard discussion Secbon 4 1 3,  Radzoactzve Materials (HazaraEnergy 
Source 4)) and is not included in the accident analysis pornon of  the Safety Analysis 

The identified accident scenanos may also impact non-radioactive, hazardous matenal 
contamers Non-radoactive hazardous matenals m the Building 991 Complex have been 
determined to represent a Standard Industnal Hazard due to relatively low quantities and/or 
toxicity (see Section 4 1 8,  Toxic, Hazardous, or Noxzous Materzals (HazardEnergy Source 9)) 
and are not included in the accident analysis portion of the Safety Analysis 

For each scenano typekontamer type combination, the accident analysis investigates the 
(1) the public, as consequences associated with the accident scenano for three receptors 
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represented by the MOI, (2) the CW, and (3) the IW 
evaluations are quantitatwe whle the I W consequence evaluation is stnctly qualitative 

The MOI and CW consequence 
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5 1 ACCIDENT SCENARIO DISCUSSIONS AND ACCIDENT SCENARIO 
SUMMARY TABLES 

The purpose o f  the accident analysis pornon o f  the Safety Analysis is to refme the 
assessment o f  the nsk associated wth facility operation and to d e t e m e  the appropnate set o f  
protective features or controls to ensure safe operation h s k  assessment refinement can be 
accomplished by improvmg the understanding o f  accident scenano progression, by unprovmg 
the quality o f  the estunate o f  the scenano frequency, and by lmprovmg the assessment o f  
accident scenano dose consequences Appropnate control set detemmabon can be 
accomplished by mbally creditmg a set o f  protecbve featuredcontrols that a n  expected to be m 
place dunng operaaon, by assessmg the acceptability of the scenano nsk under the expected set 
of controls, and by identifymg appropnate controls for scenano nsk redumon m cases where the 
scenmo nsk is unacceptable Control appropnateness may be detemned usmg mulbple factors 
includmg (1) nsk reducbon benefit, (2) control cost, (3) degree o f  unacceptable nsk, and 
(4) control lmpact on operabons 

The accident analysis sections that follow address each of  the six general types o f  
scenanos In addibon, a secbon dealmg wth natural phenomena and external event accident 
analysis is provided followmg the mtemal event analyses The secbons begm wth a general 
discussion o f  the scenarros to be evaluated and cover the detennmabon o f  any reqwed vanabons 
wthm the general scenano class The secbons contmue wth specific boundmg accident scenano 
analyses 

For each specific boundmg accident scenano to be analyzed, an accident scenario 
discussion and correspondmg summary table are developed The scenano &scussion and 
summary table present mfonnabon descnbmg (1) the accident s c e m o  sequence, (2) the 
assumpbons made m the analysis of  the scenarro, (3)the fiequency bm assignment for the 
accident scenano, potenbally under multiple sets o f  credited protecbve features, (4)the dose 
consequence andor consequence bm assignment for the scenano, potenbally under mulbple sets 
of credited protective features, (5) the corresponding scenano nsk class for these situabons, 
(6)the sets o f  crelted and defense-m-depth protective features associated wth scemo 
prevention and mitigabon, and (7) the credited protective feature set adequacy and vulnerability 
The format for the scenano discussion and scenano summary table is presented m the followmg 
text 

5 1 1 Accident Scenario Discussion Format 

The accident scenano discussions for each scenano evaluated have a consistent format as 
descnbed below 

Acccdeni Scenarzo Section This section of the accident scenano discussion provides 
a descnption of  the accident scenano being analyzed This descnption addresses 
potential mechmsms for accident initiation, the relationshp o f  Building 99 1 
Complex activities to the scenano, accident scenano progression, and some general 
information on accident modeling assumptions 
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Accident Frequency Section This sechon o f  the accident scenario discussion 
addresses the scenano frequency bin deternunation Arguments are presented on the 
basis for any scenanos that have frequency bm assignments other than anticpared 
Any protective features credited in the scenmo frequency deternation are 
idenhfied 

Material-At-Risk Section Thls sectron o f  the accident scenano discussion addresses 
the scenmo MAR Assumphons dealmg wth damage ratios @Rs) and numbers o f  
contamers mvolved m the scenano are presented for each contamer type unpacted by 
the scenano The basis for any DR values less than 100 % and any protectwe features 
credited m the MAR detemnabon are idenhfied 

Accident Consequence Section Thls secbon o f  the accident scemo lscussion 
addresses the rachological dose consequences associated wth the accident scenano 
Based on the scenario progression, credtted protectwe features, and the s c e m o  
MAR, consequences for the CW and the MOI are calculated These analyses are 
performed usmg the methodology descnbed m Section 3 2 1, Rudiologzcul Risk A 
discussion o f  the results of  the dose calculatrons and the idenbficabon o f  any 
protectwe features credited in the scenano consequence deternunabon are presented 
m the next sub-secbon In addibon, a qualitatwe determmabon o f  IW consequences 
is presented along with the basis for the determmabon Some lscussion dealmg wth 
the consequences for workers wthm the facility but located away fiom the accident 
may begresented The discussion also presents the accident scenano nsk class for 
each receptor based on the scenano frwluency bm and consequence bm assignments 

Control Set AdequacyWulnerabili@ Section Thls secbon of  the accident scenano 
discussion addresses the adequacy and vulnerability o f  the control set developed from 
the protectwe features credited for accident prevenhon and mhgahon The 
discussions begm by providmg arguments dealing wth accident scenano andysis 
conservatism m those cases where the scenano nsk class is hgh (z e , f isk  Class I or 
fisk ClassII) Conservahsm may be mtroduced in the assessment o f  scenano 
frequency, m the d e t e m h o n  o f  DR values and scenario MAR (eg,  use o f  upper 
bound MAR lmits rather than expected MAR), in the detemnahon o f  scenano 
progression (e g , hot gases fiom fire migrate through facility rather than exlt through 
contiguous wmdows or doors), or m the modeling assumptions (eg ,  non-lofted 
plume for a large fire) 

The control set adequacy and vulnerability discussions continue by addressing the 
impact of  the falure o f  credited protective features The control set developed for 
each accident scenmo includes preventwe and mitigative protective features that are 
credited in the determination of  scenmo frequency, consequence, and nsk class The 
credited protective features are c m e d  forward into the control set defined by the 
TSRs In the case of  hardware controls, the system category (SC) assignment 
( 2  e ,  SC 1, SC 2, or SC 3), whch is related to a Safety Class and Safety Sigmficant 
structure, system, and component (SSC) determination, reflects the quality associated 
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with SSC part replacements and the level of  review associated wth SSC-related work 
packages The SC assignment is intended to ensure appropnate operational reliability 
commensurate wth the SSC importance to safety 

Although the active credited preventive and mitigative features may be assured o f  
€ugh operational reliability by the TSRs and the SC designahon, the actwe features 
are still vulnerable to falure that may introduce new scenmos that warrant 
evaluation Therefore, supplementary evaluabons o f  scenano frequencies and 
consequences are performed that mclude the falure o f  actwe hardware protectwe 
features and/or Adrmmstratwe Controls m the accident scenano progression Thls 
control set vulnerability assessment (1) confirms the adequacy o f  the control set, 
(2)ident1fies adchuonal reqwred controls to reduce the fatled protectwe feature 
scenaflo nsk class, or (3) idenhfies additronal nsk dormnant scenmos 

For crechble cases m wluch the faled protectwe feature scenario nsk class is lugher 
than R s k  Class 111, preferentdly, nsk reducbon is addressed by the idenbficahon o f  
addhonal controls or, alternatively, nsk acceptability is addressed by the chscussion 
o f  avatlable defense-mdepth controls and analysis conservafism That is, when a 
hgh nsk scenano results from considerahon of credited protective feature falure, the 
analysis focuses on identifjmg appropnate protectwe features that can be credrted to 
reduce the scenmo nsk class, parhcularly m the case where the hgh nsk scenano is 
m the unlzkely fiequency bm If appropnate protective features cannot be identified, 
the analysis assesses the adequacy of  avalable defense-mdepth protectrve features 
and identifies analysis conservatum as justificabon for acceptance o f  the s c e m o  
nsk 

If  fiulure of a specific protective feature is mcluded m the scenano frequency or 
seventy deternunahon (e g , a protectwe feature falure path in an event tree), then the 
falure of  that protectwe feature is not considered in the control set 
adequacy/vulnerability assessment In the cases where an achve protectwe feature is 
credited and successllly performs its h c h o n  in the analyzed scenano, falure of the 
credited feature is qualitahvely assessed to reduce the scenano frequency by one 
frequency bin (e g ,  from unlzkely to extrerneZy unlzkely), m most cases W i h  the 
control set adequacy/vulnerability assessment, the faled protective feature scenano 
nsk classes are generally determined based on faling credited features one at a time 
Multiple falures of active protective features are only considered when (1) the 
falure of  the protective feature is qualitatively assessed to reduce the scenano 
frequency by only one order of magmtude (e g , some “active” Admimstrative 
Controls), or (2)the scenano frequency bin assignment is untzczpted pnor to 
consideration of the protective feature failure 

5.1.2 Accident Scenario Summary Table Format 

The accident scenano summary table for each scenano evaluated m a class of accidents is 
presented at the end of the general accident scenmo class section (e g ,  the summary tables for 
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the analyzed facility fire scenanos are located at the end o f  the section dealing wlth facility fires) 
The tables have a consistent format as descnbed below 

0 Hazard Field This field descnbes the hazard(s) being evaluated References to the 
HazardEnergy Source entnes in Table 8 are made 

Accident Type Field Thls field defines the accident type bemg evaluated and the 
hazardous matenal form or container A bnef descnption of  the scenano progression 
is provided along wth the analyzed effective MAR Addibonal mfonnabon may also 
be mcluded to mdicate the size and locabon(s) o f  the accident 

Cause or Energy Source Field Thls field lists the mbator or combination o f  
mtiators o f  the accident References to the Hazard/Energy Source entnes m Table 8 
are made Smce the accidents bemg analyzed are boundmg scenanos, there could be 
mulbple mbators causmg the same basic accident (e g , Vehcles, Matenal Handling 
Eqwpment, Ra~sed Loads on ForkliRs, Stacked Waste Contamers could all be spill 
uubators) Generally, the more boundmg or genenc an accident is, the more types o f  
imbators can be idenbfied Distmcbons between accident causes (z e ,  hazardous 
situabon that leads to the scenano, for example, Movement o f  Waste Contamers m 
the Facility) versus energy sources (I e ,  hazard prowdmg the energy to begm the 
accident sequence, for example, Vehcles, Matenal Handlmg Equipment) may be 
made, where pract~cal 

AppIicabIe Activigfles) Field ThIs field relates the accident scenano back to the 
Burldmg 991 Complex acbvibes that are beiig analyzed m Safety Analysis Acbwty 
acronyms, as defined m Table 5, are used Acbwty relabonships to the analyzed 
scenanos are defined m Table 62 and Table 63 as part o f  the development o f  the 
accident scenanos Since the accidents being analyzed are boundmg scenanos, there 
could be multiple and vaned relationshps (e g , dmct interacbon, mdmct mteracbon) 
between the analyzed scenano and the acbvlbes Generally, the more boundmg or 
genenc an accident is, the more vaned the relabonshps (e g ,  the same acbwty may 
lead to the s c e m o  dmctly m some situabons and lnduectly m other situahons and 
the llkellhood o f  the activity mteracbon wth the scenano may range h m  anticipated 
to extremely unlzkly) Disbncbons between the form o f  the acbwty mteracbon 
(I e ,  dlrect or mdu-ect) and the likellhood of the acbvity mteracbon (I e ,  more likely 
or less likely) may be made, where pracbcal 

Receptor Column This column lists the receptor for whch the dose consequence 
results or consequence determinations displayed in the row are applicable Three 
receptors are considered in the accident analysis the MOI (representmg the public), 
the CW, and the IW A separate row is needed for each o f  these receptors because 
they are evaluated separately Consequences for the MOI and the CW are generally 
presented as quantitative radiological doses in rem along wth the corresponding 
consequence bin determination, but consequences for the immediate worker are only 
presented in the qualitative terms as a consequence bin assignment 

Scenario Frequency - Without Prevention & With Prevention Columns These 
columns present a conservative estimate of  accident scenario frequency associated 

0 

0 

Revision 2 
September 1999 

234 NSTR-OI 1-98 
Bw1 Complex Fsm support I 



wth the credibng of potentially varying sets of preventive features Accident 
scenano frequencies are categonzed into qualitative frequency bins as suggested by 
DOE-STD-3011-94 (Ref 4) and discussed in Section 3 2, Risk Clusszfzcatzon 
Methodology The fiequency bin assignment is often based on qualitabve judgments 
but can be determmed quantitatively in certzun situabons ( e g ,  event tree 
development) The frequency section in the scenano discussion descnbes whch 
inherent preventive features were specifically credited to amve at the assigned 
fiequency bm for the Wrthout Prevention column entry These mherent protective 
features were idenbfied in the discussions of boundmg accident scenanos m 
Secbon 4 3 6, Boundzng Scenario Selectzon, and were credited m the d e t e m b o n  of 
the boundmg accident scenano imtial frequency bm assignment Inherent preventive 
features are mcluded m the Protective Feature column of the accident scenano 
summary table and are hghlighted as underlined text to dlstmgursh the mherent 
protecbve features from credited prevenbve features idenbfied as part of the scenaflo 
nsk reducbon process, the results of whch are &splayed m the Wdh Prevention 
column 

In assigmng accident scenano frequencies for both the “wthout prevenbon” and the 
‘hth prevenbon” situabons, the gwdance presented below was generally used m the 
deternabon of the mbal frequency bin assignment for boundmg scenanos and may 
be used m the determmbon of scenano fiequencies as addibonal prevenbve features 
are credited m the analysis Use of event trees to determine scenano frequencies 
presents more explicit fiequency and probability mformabon that may not be 
consistent wth the gwdance below Any departures from the guidance wll be noted 
and jushfied m any frequency discussions The general gurdance for scenano 
fiequency bm detenrunabons is as follows 

Adrmnistrabve Controls In general, an A b s t r a b v e  Control may be used 
to reduce the scenano frequency by one order of maptude (mulbply by 1V’) 
Two or more independent Ahmstrative Controls can be combmed for a 
frequency reducbon of no more than two orders of maptude (mulbply by 
1 0-2) or one fiequency bin Exceptions wll  be noted and jusbfied 

SC 112 SSC in TSRs In general, a SC 1/2 SSC that is well mamtamed and 
momtored due to its mclusion in the TSRs may be used to reduce the scenano 
frequency by two orders of magmtude (multiply by 10”) or one fiequency bin 
Exceptions wll  be noted and justified 

Scenario Consequence - Without Mitigation & With Mitigation Columns These 
columns present a conservative estimate of accident scenano consequence associated 
wth the crediting of potentially varying sets of mitigative features Accident scenano 
consequences are categonzed into qualitative consequence bins as suggested by 
DOE-STD-3011-94 (Ref 4) and discussed in Section 3 2 1, Radzologzcal Risk The 
consequence bin assignment for the CW and MOI is based on a quantitative dose 
consequence value determined by conservatively estimating the radiological dose to 
the receptor that is then compared to the radiological dose consequence bin thresholds 
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in Table 2 The consequence to the IW is detemned qualitatively-using the guidance 
in-Table 2 

Non-cnticality radiological dose consequences for the CW and the MOI are 
determmed usmg the formulation presented m Section 3 2 1, Radzologzcul Rzsk For 
all accident scenanos not dealmg wth severe weather induced accidents (e g , hgh 
wnd, tornado), a conservative atmosphenc dispersion factor ( z  e ,  95"' percentile x/Q 
value) is used m the calculation of  CW and MOI radiological dose consequences for 
companson to the dose thresholds in Table2 The MAR secbon m the scenano 
discussion descnbes how the effective MAR was determined The effitwe MAR is 
an input to the dose consequence calculabon and can affect the consequence bin 
d e t e m h o n  The consequence secoon ~fl the scenano discussion descnbes whch 
mherent mhgative features, if any, were specifically credited to arnve at the assigned 
consequence bm for the Mthout Mitigation column entry Any lnherent protectwe 
features were identified m the discussions o f  bounding accident scenanos m 
Secbon 4 3 6, Boundzng Scenario Selectzon, and were credited m the d e t e m b o n  of  
the boundmg accident scenano imtd consequence bin assignment. Inherent 
mbgatwe features are included in the Protective Feature column of  the accident 
scenano summary table and are hghhghted as underlined text to lstmgush the 
inherent protectwe features from credited mibgatrve features identified as part o f  the 
scenano nsk reducbon process, the results o f  whch are lsplayed m the WTith 
Prevention column 

Scenario Risk Class - Without Prevention/ Mitigation & With Prevention/ 
Mitigation Columns These columns present a detemabon of  accident scenano 
nsk class associated wth the creditmg o f  potentdly varymg sets o f  protectwe 
features The scenano nsk class is d e t e m e d  by entenng Table 1 wth the scenano 
frequency and consequence bm assignments for a specific receptor, as lscussed m 
Section 3 2, Rzsk Clmszficatron Methodology I f  the scenano nsk class lsplayed m 
the With Prevention /Mitigation column is b s k  Class I or b s k  Class I1 for either 
the IW, CW or the MOI, then the scenano is considered a nsk dormnant accident 
scenano b s k  dormnant scenanos are further lscussed in Secbon 6, Rzsk Dominant 
A cczdent-Scenarzos 

Th~s column presents the preventive and mihgatwe 
protective features credited in the evaluahon of  or providing defense-in-depth for each 
accident s c e m o  As noted in the Scenario Frequency and Scenario Consequence 
column discussions, protective features that are underlined were inherently credited in 
the initial frequency and consequence bin assignments for the scenano Protective 
features that are not underlined may be part of  an additional set of features that were 
credited in the final frequency and consequence bin assignments for the scenano 
Alternatively, features that are not underlined may be a set of identified 
defense-in-depth protective features (see the entnes in the Feature Type column for 
classification) The function performed by each o f  the protective features listed in the 
table is defined in the accident scenano discussion text 

I 
Protectzve Feature Column 
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It should be noted that all accident scenanos mherently credit an integrated set of 
SMPs to provide an lnfiastructure for conduct o f  operations and for general 
implementation and mamtenance of any specifically identified controls The set o f  
protective features leading to specific elements o f  SMPs ( e g ,  Hazard Controls m 
Table 56) will be captured in the SMPs discussed m Chapter 3, Safety Management 
Programs, o f  the FSAR 
Feature Type Column This column identifies whether the protectwe feature listed 
in the Protective Feature column of  the table is considered a credited feature 
(indicated by the letter, “Cy’) or a feature that is not dlrectly c h t e d  m the scenano 
fiequency or consequence bin determmabons but serves as a defense-mdepth feature 
(indlcated by the letter, “D”) A credlted protectwe feature can be k t l y  bed to a 
reduction m accident scenano fiequency or consequences, even though the reducbon 
may not be sufficient to change a fkquency or consequence bin assignment A 
defense-m-depth protectwe feature cannot be related to the scenano fiequency or 
consequence bm determmabons but provides add~t~onal layers o f  defense for the 
protection o f  the public, CW, or IW The defense-mdepth features are identdied m 
the accident scenano control set adequacy and vulnerability dlscussions 

This column identdies whether the protectwe feature 
listed in the Protective Feature column o f  the table performs a preventwe h c h o n  
that may be crehted in scenano fiequency reducbon (indicated by the letter, “P”), 
performs a mtigative h c t i o n  that may be credlfed in scenario consequence 
reducbon (mdrcated by the letter, “M’), or performs a combmaUon o f  prevenUon and 
rmtigatme h c h o n s  (mdlcated by the letters, “P/Myy) An example o f  the latter 
situation is the fire suppression system that may prevent large fires whde mbgatmg 
the consequence of the smaller, suppressed fire 

Reference to TSRs Column ThIs column cross-references an identrfied protectwe 
feature to the correspondmg Lmtmg Condrtion for Operabon (LCO) or 
Admmstrative Operatmg Lmit (AOL) in Appendlx A, Building 991 Facility 
Technrcal Safety Requirements, of  the FSAR ThIs column also cross-references an 
idenhfied element o f  a Safety Management Program (SMP) to the applicable SMP in 
Chapter 3 o f  the Building 991 Complex F U R  

0 

Feature Purpose Column 

Revision 2 
September 1999 

237 
B991 Complex FSAR NSTR-o’ Support I 



5.2 MATERIAL FIRE SCENARIO ACCIDENT ANALYSES 

Thls section deleted since in the hazard evaluation process It was assumed that 
pyrophonc matenals would not be brought into the facility and that SNM contamers complied 
wth TypeB shippmg contamer requirements and wth the reqwrements of procedure 
1-W89-HSP-3 1 1 1 (Ref 20) These assumptions made matenal fires in the Building 991 
Complex nor credzble events 
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5 3 FACILITY FIRE SCENARIO ACCIDENT ANALYSES 

5.3.1 Facility Fire Scenario Development and Selectron 

Three boundmg facility fire scenanos were identified in Secbon 4 3 6 2,  Bounding 
Facility Fire Scenarios Determination The first, B-FFIRE-1, involves the unlikely impact of  a 
facility fire on a waste storage area inventory of LLW andor TRU waste contamers The 
second, B-FFIRE-2, lnvolves the extremely unlikely unpact o f  a transport vehcle fire at the dock 
on a transport vehcle mventory o f  LLW and/or TRU waste contamers The thud, B-FFIRE-3, 
involves the extremely unhkly unpact of a direct flame impmgement torch fire on a smgle POC 
contamer Each of these boundmg scenanos are finther defined m the followmg dscussions 

53.1.1 Waste Contamer Storage Area Fire Scenano DeveloDment and Selection 

The Bulldmg 991 Complex Fue Hazards Analysis (FHA) (Ref. 33) was rewewed to 
charactenze fire hazards wthm the waste storage areas of the complex As mdicated m the 
discussion dealmg wth Waste Contamers (HazardEnergy Source 4B) m Sechon 4 1 3,  
Radioactive Materials (HmaraEnergy Source 4), numerous storage areas for waste contamers 
exist wthm the complex The storage areas include (1) small rooms wth relatwely low 
ceilings (north waste storage areas), (2) large rooms wth relatwely hgh ceilmgs (south waste 
storage areas), and (3) outside storage areas (West Dock Canopy waste storage area) Some o f  
the storage areas have automatic spnnkler systems and other storage areas only have fire 
detection capability by smoke detectors (only the Budding996 waste storage area) 
Building 991 also mcludes an Office Area that is conhguous to but separated fiom the waste 
storage areas The analysis o f  waste storage area fires potenhally mvolves numerous mdividual 
evaluations dealing wth the attnbutes of  vanous waste storage areas Protectwe features 
identified 111 the discussions that follow wll  be mdicated m bold italicized text 

To begin the evaluabon, an assessment of the unpact of a fire on vanous waste contamers 
is performed Type B shapping containers and POC containers are designed m a manner that 
precludes fsulure of the contamers due to any expected storage area fires other than direct flame 
impingement torch fires (Feature F 1 5 and Feature F 16, respectively) Expected storage area fires 
are limited to solid combustible matenal fires Fires involving flammable liqulds are not 
considered due to lack o f  flammable liquid sources near waste storage areas (e g , diesel fuel 
tanks located away fiom storage areas), due to a lack of need for large quantihes of flammable 
liquids in a waste storage mssion, and due to a combustible material control program that 
resmcts the introduction of flammable liquids into waste storage areas wthout appropnate 
controls 

Expected storage area fires are capable of impacting the radioactive matenal inventones 
o f  LLW and TRU waste containers ( I  e ,  metal boxes and drums) and can involve the contamer 
and its inventory in the case of  wooden LLW crates The wooden LLW crates are combustible 
The analysis of  fires involving wooden LLW crates assumes thatfire retardant wooden LLW 
crafes are used that wll not self-propagate a fire but wll burn when exposed to a fire 
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Whlle the metal waste contamers are not combustible, the combustible matenal contents 
of the contamers may be lmpacted by fires outside the contamer resultmg in pyrolysis of the 
container contents, fiulure of the metal contamer lid seal, and venting of pyrolytic gases 
contaimng radioactive matenal through the fded  contamer seal For hgh temperature and fast 
burning fires (e g , fuel pool fires), the rate of pyrolytic gas generation and pressure increase m 
the contamer may exceed the rate at whch the contamer can vent, resultmg in a loss of the 
container lid and ejecbon of some of the contamer contents By restncting flammable hqulds 
and other combusbble matenals wth hgh heat release rates in the facility wa the combustible 
material control program, fires wth heat release rates sufficient to cause contamer lid loss are 
not expected 

The Bwldmg991 Complex FHA (Ref 33) mdicates that the fuel loadmg and fire 
potential in the Buldmg 991 Complex is generally low The ofice area contatns the majonty of 
the fuel loadmg and its fuel loadmg is considered to be low to moderate The fuel loadmg m the 
radioactive waste storage areas of the Bmldmg 991 Complex is also considered to be low Only 
metal pallets are used m the storage of metal mhoacbve waste contamers When stacked, these 
pallets are separated fiom the drum lids below by plywood sheets The plywood sheets are 
combustible but are difficult to igmte Wooden pallets are present m the Budding 991 Complex 
though These pallets are used dunng the receiptlshpment of empty drums and for operabonal 
purposes are only reqwed to be m Room 170 (the west dock) It is estunated that up to five 
pallets may be in Room 170 dunng these receiptlshpment operabons at any one bme The 
wooden pallets are m Room 170 for very short penods of tune and are mediately removed 
fiom the building and stored outside when thelr use is not requmd Wooden pallets are not 
normally present m other waste storage areas m the Buldmg 991 Complex Wooden crates are 
prohbited from metal rdoactive waste contamer storage areas of Buldmg 991 Per the 
Buldmg 991 Complex FHA (Ref 33) there are no other w q u e  fire hazards m the Buildmg 991 
Complex 

The wooden pallet combusbble loadmg is considered representabve of potenhal 
combustible loading dunng combustible material control compliant operabons The wooden 
pallets must have at least afive foot sepurution fiom metal rahoacbve waste contamers under 
the combusbble control program A combusbble matenal control fiulure would be the placement 
of wooden pallets wthm five feet of waste contamers (smgle Admimstrabve Control fiulure) 

Per Fire Protecbon Engineenng (FPE) a stack of three wooden pallets has a heat release 
rate of approxlmately 1 MW, a stack of five wooden pallets has a heat release rate of 
approximately 2 MW, and a stack of 10 wooden pallets has a heat release rate of approxlmately 
3 MW For the Building 991 Complex it is estimated that the most llkely sized fire in the waste 
storage areas would be a 1 MW fire due to a combushble matenal control failure but that these 
areas could also be exposed to a 2 MW fire Larger fires may be realized in the office area and in 
the wooden waste crate storage area under the West Dock Canopy Assuming that the wooden 
pallets represent a transient combustible load in the Building 991 Complex, an area approach can 
be used to conservatively estimate the number of waste containers impacted by a fire involving 
stacked wooden pallets placed up aginst metal radioactive waste contamers Wooden pallets are 
approximately 4 ft wde by 4 fl long and 4 inches hgh A stack of three pallets is therefore 
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approxunately one foot high Metal waste drums are approximately 2 feet in dameter and 3 feet 
in height Three pallets stacked up agamst the metal drums would cover one full drum and 
one-half of two other drums A fire involving the three stacked pallets would not be expected to 
have duect flame impingement on the second tier of stacked drums assuming that the flame 
height is tvvlce the height of the combustible load (1 e , the flame height is two feet) Therefore, 
for a stack of three wooden pallets it is estunated that the fire would unpact three drums A stack 
of five pallets, or an approxmate 2 MW fire, is also possible m the Bwldmg 991 Complex A 
stack of five pallets is approxunately 1 7 Et hgh Five pallets stacked up agamst stacked waste 
drums would cover one full drum and one-half of two other drums on the first her A fire 
mvolvlng the five pallets could be expected to have h c t  flame mpn&ement on three drums m 
the second ber of stacked drums assummg that the flame height is twrce the height of the 
combustible load (i e ,  the flame height is approxunately 3 3 ft hgh) Therefore, for a stack of 
five wooden pallets it is e&mated that the fire would mpact six drums Either a 1 MW or 2 MW 
fire is considered appropnate to analyze for the combustrble loadmg present ln the Building 991 
Complex metal doact ive  waste contamer storage areas 

CE-FING HEIGHT 
~ -(feet) 

Table 79 Deleted 

TIME TO ACTUATION HEAT REEEbE RATE 
(seconds) 0 

The unpact of an automatic sprinkler system on fires is dfficult to detemme and is 
dependent on the fire heat release rate, the cellmg height of the room, and the actuabon tune of 
the spnnklers To begin, it must be d e t e m e d  what SEX fires are necessary to even actuate the 
spnnklers for vanous room ceilmg heights smce the Bmldmg 991 Complex waste storage areas 
have ceilmg heights ranglng fiom approxunately 18 ft to almost 40 ft  Table 80 presents the 
results fiom a grossly sunplified fire analysis (Ref 34) showmg the m m u m  heat release rate 
for a moderate rate fire reqwed to actuate a spnnkler system for vanous ceilmg heights Thrs 
ifonnabon is not mtended to be exact but is mtended to be an approxunabon of rm~llmum fire 
sizes to actuate spmklers 

20 

30 

40 

Table 80 Mmimum Heat Release Rates to Actuate Sprinklers for Various Ceiling Heights I 

193 743 

279 2,046 

370 4,200 

I 10 I 109 I 131 

HEAT RELEASE RATE =I 
I 

784 I 
2,200 

4,400 

Revision 2 
September 1999 

243 
B991 Complex FSAR NSTR-011-98 Support I 



Based on the information in Table 80, a 1 MW or 2 MW fire w11 actuate spnnklers in 
areas wth 20 ft or less ceilings and neither fire wll actuate spnnklers in areas wth ceilings in 
excess of 30 ft  Ceiling heights in the north waste storage areas of Budding 991 are generally 
18 ft or less The ceilmgs for the Room 134 and Room 170 waste storage areas are both between 
25 ft and 30 ft The West Dock Canopy Area ceilmg height is between 30 ft  and 40 ft  It is 
conservatively assumed that a 1 MW fire wll  actuate spnnlclers m the north waste storage areas 
and a 2 MW fire wll actuate spnnklers in Room 134, Room 170, and the West Dock Canopy 
Area It is assumed that a four wooden crate (considered to be approxlmately a 4 MW fire) fire 
wll  actuate spnnklers m the West Dock Canopy Area Bmldmg 996,111 the north waste storage 
area, does not have a fire suppression system but does have a smoke detection system Two-hgh 
staclung of waste contamers in Buldmg 996 is possible. 

North Waste 
Storage Areas 

Buildmg 996 
Storage Area 

In the north waste storage areas, a fire about half the slze of a 1 MW fire may actuate the 
spnnklers In lieu of detailed fire modeling of the situation, it is conservatively assumed that 
actuabon of the spnnlclers wll only cool the top her of drums m each of the cases Qscussed 
above but wll not cool the lower ber(s) Thm would yield a 3 drum unpact for a 1 MW fire and 
a 3 drum unpact m cases of a 2 MW fire for areas where the automabc sprinkler system actuates 
Table 81 presents a summary of the number of dnuns assumed to be unpacted by vanous fires 
for both m b g a t e d  and mbgated (I e , automatic sprinkler system ac-on) situahons 

1 MW sprinklers fail 3 

spnnklers work 3 

sprinklers work 3 

1 MW no spmklers 3 

2 MW spnnklersfall 6 

2 M w  no spmklers 6 

I Table 81 Number of Waste Drums Impacted for Various Situations 

South Waste 
Storage Areas 

I 

1MW spnnklers not actuated 3 

2 MW spnnklers not actuated 6 

To contmue the determination of waste storage area fire scemos, fire uutral locations 
wll  be exammed From Table 81, it is apparent that distmctrons must be made between fires in 
the vanous waste storage areas The areas considered for fire imtiation and potential waste 
storage area impact are (1) the Building 991 Office Areas (potential for fire to propagate to 
Room 134), (2) the north waste storage areas excluding Buildmg 996, (3) the south waste storage 
areas excluding the West Dock Canopy waste storage area, (4) the Building 996 waste storage 
area, and (5) the West Dock Canopy waste storage area (potentially used for storage of wooden 

Revision 2. 
September. 19%) 

244 NSTR-011-98 
BW1 Complex FSAR Support 



LLW crates) 
Complex areas 

Table 82 presents a summary of the attnbutes of each of these Bmlding 991 

{ 
Ofice Area 

North Area 

Buildmg 996 

south Area 

canopy Area 

JcEa;nuG AUTOMATIC SMOKE DETECTION . P-D WASTE 
*b;#I@XiT SPRZNKLERSYSTEM SYSTEM - : --3 9 d* a- c -*-+ 

Low Wet -Pipe No None 

LOW Wet-Pipe No Metal contamers 

LOW No Yes Metal contamers 

mgh Wet-Pipe No MeCal contamers 

mgh Dry-Pipe No Wooden crates 

Figure 6 through Figure 16 present event trees determmng the lilcehhood of and numbex 
of  waste contamers mpacted by fires associated wth each of the ateas identified m Table 82. 
The key assumptions associated wth each event tree are displayed at the bottom o f  the figures 
Lkeliihood determmabons are based on engineemg judgment and generally are based on order 
of magmtude estrmates of the Idcellhood Generdspecific rules for Ilkelhood determmbon 

reliable and/or well rnmtamed systems are assigned Ilkelhood values of 099 for 
successll oprabon, 

less mutamed systems are assigned Ilkelhood values o f  090 for successful 
operabon, 

the successful response by a notified Fire Department is assigned a llkelihood o f  
0 95, 

an Admustratwe Control successfd implementation is assigned a Ilkellhood of  0 90 
in most cases, 

personnel successll discovery o f  a fire is based on area occupancy, 

trsuned or untramed personnel response to fires is assigned a likelihood of  020  
(I e ,  likelihood based on personnel receiving no hands-on fire extingusher use 
tramng but receiving some educational trsumng dunng the General Employee 
Traning), and 
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0 fire mitiation llkelihood (z e , likelihood of a fire at an ignition source, not llkelihood 
of a fire impactmg combustibles or waste contamers) is assigned a value of 0 101yr in 
most cases 

Figure 6 and Figure 7 address fires in the Bmldmg 991 Office Area and mdicate that the 
propagation of a major fire m the Office Area to waste storage areas is considered to be a beyond 
exrremely unlzkely event As shown on Figure 6, it is assumed that fires m the Office Area occur 
roughly 0 10 times per year due to the limited hot work performed m the Office Area and due to 
the restrictions on smoking m the budding Currently the Office Area of B m l h g  991 is 
occupied at all tunes but the analysis is performed assuming only a day hfi operahon for five 
days a week yieldmg about a 20% chance that personnel wll  be in the Office Area at the tune the 
fire is nubated Wide personnel are not specifically tmned on fire fighting, there is some 
instruction provided on the use of afire d n g u k h e r  m the General Employee Trahng that is 
received by everyone on the Site It is assumed that there is a 20% chance that personnel in the 
Office Area at the tune of the fire w11 act to extmgush the fire and that the fire is hhally small 
enough for untmned personnel to extmgush (e g ,  waste basket fire, computer terrmnal fire) 
Thefire extingukhers are considered to be well mamtamed components and are assumed to fa1 
only 1% of the tune Thls yelds a fkquency of Office Area fires that are not extmgushed of 
0 0961yr 

Figure 7 cames tlus fire frequency forward and exarmnes the Ilkelhood that add~t~onal 
combustibles are located m the vlcin~ty of the fire to allow for fire growth. Srnce combu&bles 
in the Oflice Area are not strictly controlled, the= is only a 10% chance that no add~t~onal 
combustibles wl l  be present If combustibles are present, the fire is assumed to grow to a point 
where the automatic sprinkler system may be actuated This well mamtamed system is 
conservatively assumed to fa1 only 1% of the tune Frulure of the automatic sprinkler system is 
assumed to allow fire growth to mvolve the entne Office Area At this pomt m the scenano, 
wndows on the south side of the buildmg wl l  probably have been breached and hot gases from 
the fire wl l  most llkely exlt the facility through the wmdows and extenor doors There is a 
possibility that the hot gases may mgrate back mto the waste storage areas, particularly 
Room 134 even though the ventdahon system flow is m w a l  m that b h o n  Fire doors m 
the comdor between the Office Area and Room 134 serve to fixher reduce the llkellhood that 
the hot gases wll  travel m that duechon Smce the comdor from the Office Area to the waste 
storage areas is pnmmly a personnel comdor rather than a matenals entry and exrt path, thefire 
doors are assumed to only be open 1 % of the bme m fire situations The fire doors are not 
equipped wth automatic closure devices (e g ,  fusible links) The doors are normally only 
opened for personnel access to the waste storage areas of the budding Heavy equipment traffic 
(e g , forklifts) are not reqmred in this hallway There are no normal operational reqmrements to 
keep the fire doors in an open codigurahon If the fire doors are held open for some reason, 
there is still only a limited amount of hot gas migration expected into the waste storage areas If 
anything, the Room 170 and Room 134 path may serve to feed a r  to the fire while hot gases 
escape via the windows of the Office Area (I e ,  mr wll  be drawn from the dock through 
Room 134 to feed the fire) A 10% chance is conservatively assigned for the likelihood of 
significant hot gases (sufficient to impact waste containers) migrating mto the waste storage 
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areas Thls yields an overall fiequency of an Office Area fire that can impact waste storage areas 
of 8 64E-O7/yr, a not credzble or beyond extremely unlzkly event 

Figure 8 through Figure 11 address fires in the waste storage areas other than for 
Building 996 and the West Dock Canopy Areas As shown on Figure 8, it is assumed that fires 
in the waste storage areas that involve sufficient combusfibles to impact waste contamers 
(modeled as a 1 MW fire) occur roughly 0 01 tunes per year due to reqwements for hot work 
permits, a stnct combustible material control program, and the lack of need for combusbbles to 
be in the waste storage areas Part of the combustible material control is a prohbibon on havmg 
wooden crates m the waste storage areas mide any facility and a reqmment that combusbble 
matenals have at least a frve foot separation fiom stored waste contamers The waste storage 
areas are assumed to have personnel w h  the area about half the tune durrng each day shfi 
yieldmg about a 10% chance that personnel wll be m the waste storage area at the tune the iire is 
imtiated l k s  Idcellhood is lntended to balance the ldcehhood of havmg a fire ( z  e ,  more llkely 
when personnel are present conductmg operabons) wth  the Irkelhood of personnel bemg 111 the 
area Spontaneous combusfion of combusfibles or electrical system shorts leadmg to sigmficant 
combusbble matenal fires are not expected to be as llkely as fires imtiated followmg hot work 
Whde personnel are not specifically trruned on fire fightmg, there is some instruction promded 
on the use of afire extinguisher m the General Employee Tmnmg that is received by everyone 
on the Site It is assumed that there is a 20% chance that personnel m the waste storage area at 
the bme of the fire wl l  act to e m g u s h  the fire and that the fire is m t d l y  small enough for 
untramed personnel to e m g u s h  (e g , rags at a job site) Thefire dinguirhers are considered 
to be well mamtamed components and are assumed to fml only 1% of the hme T’hn yields a 
fiequency of waste storage area fires that are not extmgushed of 9.8E-O3/yr Dist~nctrons 
between personnel knowng about the fire or not knowing are made for later evaluatrons The 
unawareness llkelihood is found by drvlding the 9OOE-O3/yr fkequency of a fbz wthout 
personnel bemg aware by the total 9 80-03/yr fiequency fires that are not extrngutshed 

Figure 9 carnes the 1 MW fire fiequency forward and exammes the likellhood that 
excessive combusbbles (modeled as a 2MW fire) are close enough to the fire to become 
mvolved and exammes the likellhood that the combusbble matenals are wthm five feet of waste 
storage contamers The “Personnel Aware Of Waste Storage Area Fire” split hcbon  
( z  e , second column of Figure 9) is found by determmng what hcbon  of the fires fiom Figure 8 
are associated wth  the path through the event tree For example, the personnel not aware value 
(lower path in Figure 9) is d e t e m e d  by dividmg the “personnel unaware” result fiom Figure 8 
(ze,900E-03) by the total likelihood of the fire not being extinguished (ze,9802E-03) 
yieldmg a value of 0 9182, as shown on Figure 9 Tlus split fracbon approach is used in 
Figure 10 through Figure 14 and Figure 16 

In Figure 9, the falure of thefive foot separatron control and the excessive combustible 
matenals event are considered to be probabihsbcally mdependent events, even though they both 
fall under the combustible material control program, due to the nature of waste storage areas 
The lack of combustible matenals needed for waste storage operations makes the occurrence of 
excessive combustible matenals in a waste storage area very noticeable Based on treating these 
two events as independent and assigmng an Administrative Control likelihood of falure of IO%, 
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the fiequency of 1 MW fires impacting waste contamers in mtenor waste storage areas is about 
8 82E-O4/yr and the fiequency of 2 MW fires unpactmg waste contamers in intenor waste 
storage areas is about 9 80E-O5/yr These frequencies are d e t e m e d  by addmg the known and 
unknown cases for the 1 MW and 2 MW fires 

Figure 10 and Figure 11 present the same scenano development for a 1 MW fire and a 
2 MW fire, respectively Distmction is msed between north waste storage areas wth relatwely 
low ceilings and south waste storage areas wth relatwely €ugh ceilmgs m order to evaluate the 
benefit of vmous mibgative hctIons (see Table 81) In the north waste storage areas, the fire is 
assumed to grow to a pomt where the automutic sprinkler system may be actuated Th~s well 
mamtamed system is conservatwely assumed to fa1 only 1% of the tune. The unpact of the 
actuahon of the automutic sprinkler system on the fire size and the numbex of waste contamers 
impacted is defined m Table 81 and thls mformabon is m e d  forward m the scenar~o 
descnptwe matenal m Figure 10 and Figure 11 

Fire Department response is also considered m the scenano development and requres 
that personnel be aware of the fire to allow for notd5catron of the Fire Department wafire 
phones The ldcellhood of successll Fire Department response is the combmabon offire 
phone reliability (conservatwely assumed to be 90% reliable due to the combmabon of a well 
mammned system, mulbple phone locabons, and personnel tramng) and Fire Department 
capability (capable of respondmg to fire w h  15 m u t e s  and mtIgatmg the fire 95% of the 
tune) A specific credit m fire size reduction is not defined for Fire Department response due to 
the d~fficulty m assessmg fire growth rate versus response tune 

Based on the results of the waste storage area fire evaluabons, the frequencies for vanous 
fire sms m the waste storage areas are as follows 

1 MW 3 drum fire in north storage area is an unlzkeZy event (8 82E-O4/yr), 

1 MW 3 drum fire m south storage area is an unlzkely event (8 82E-M/yr), 

2 MW 3 drum fire m north storage area is an extremely unlzkely event (9.7OE-OS/yr), 

2 MW 3 drum fire m south storage area is not credzble (no scenano identrfied), 

2MW 6drum fire in north storage area is a beyond extremei) unlikely event 

2 MW 6 drum fire in south storage area is an extremely unlzkely event (9 80E-051~) 

(9 80E-07/~), and 

Figure 8 and Figure 12 through Figure 14 address fires in the Bulldmg 996 waste storage 
area Figure 8 fiom the waste storage area fire evaluation is reused Tlus yields a frequency of 
Building 996 waste storage area, 1 MW fires that are not extingushed of 9 8E-O3/yr As before, 
distmctions between personnel knowing about the fxe or not knowmg are made for later 
evaluahons 

Figure 12 carnes this 1 MW fire frequency forward and exammes the likelihood that 
excessive combustibles (modeled as a 2 MW fire) are close enough to the fire to become 
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involved and exammes the Idcellhood that the combushble matenals are wthm five feet of waste 
storage contamers The falure of thefivefoot separation control and the excessive combusQble 
matenals event are considered to be probabilistidly independent events, even though they both 
fall under the combustible material control program, due to the nature of waste storage areas 
The lack of combustible matenals needed for waste storage operations makes the Occurrence of 
excessive combushbles in a waste storage area very nohceable In additron, the Bmldmg 996 
waste storage area is relatwely small and the ability to place combustrble matenals m the area is 
queshonable but is conservatwely evaluated as a 1% chance of havmg the configurabon Based 
on treatmg these two events (I e ,  five foot separabon and excessive combmble matenals) as 
mdependent and assignmg an Adrmnrstrative Control ldcellhood of falure of 10% to the 
p r o m t y  control, the fiequency of 1 MW fires mpactmg waste contamers m the Buildmg 996 
waste storage area is about 97OE-O4/yr and the fiequency of 2MW fires mpactmg waste 
contamers m mtenor waste storage areas is about 9 80E-M/yr These frequencies are determined 
by addrng the known and unknown cases for the 1 MW and 2 MW fires 

Figure 13 and Figure 14 present the same scenarro development for a 1 MW fire and a 
2 MW fire, respectwely Smce there is no automatx SpnnMer system m Buldmg 996, fire 
miQgabon by spnnklers is not possible Smoke detectors exist in the area and provide an 
opportun~ty for nobficabon of the Fire Department m adhbon to personnel awareness and use 
of theflre phones The smoke detection system is considered to be a well mamtamed system 
and is conservatwely assumed to fa1 only 1% of the tune 

Fire Department response is also considered m the scenano development A specific 
cre&t m fire SEX reducbon is not defined for Fire Department response due to the Qfficulty m 
assessing fire growth rate versus response tune Note that there is no &fference m the number of 
contamers mvolved in a Bmldmg996 fire scenario as a result of mtigabon Therefore, the 
protectwe features cited above and on Figure 13 and Figure 14 do not need to be credited as 
controls for fire nubgabon but only serve a defense-m-depth h c h o n  

Based on the results of the Buldmg996 waste storage area fire evaluabons, the 
frequencies for vanous fire slzes are as follows 

1 MW 3 drum fire m Building 996 is an unlzkei'y event (9 70E-04/yr), and 

2 MW 6 drum fire m Bmldmg 996 is an extremely unhkei'y event (9 80E-061~) 

Figure 15 and Figure 16 address fires m the West Dock Canopy waste storage area As 
shown on Figure 15, it is assumed that fires m the West Dock Canopy Area occur roughly 
0 10 ttmes per year due to the lunited hot work performed m the West Dock Canopy Area The 
West Dock Canopy waste storage area is assumed to have personnel wthm the area about half 
the ttme d u n g  each day shfl yielding about a 10% chance that personnel w11 be in the waste 
storage area at the time the fire is initiated Th~s likelihood is intended to balance the likelihood 
of having a fire (I e ,  more likely when personnel are present conducting operations) wth the 
likelihood of personnel being m the area Spontaneous combustion of combustibles or electncal 
system shorts leading to sigmficant combustible matenal fires are not expected to be as likely as 
fires imtiated followng hot work While personnel are not specifically tmned on fire fighting, 
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there is some instruction provided on the use of afire extinguisher in the General Employee 
Tramng that is received by everyone on the Site It is assumed that there is a 20% chance that 
personnel in the West Dock Canopy Area at the time of the fire wl l  act to emngush the iire and 
that the fire is imtially small enough for untrained personnel to extinguish (e g ,  slow b m g  
crates, small collections of trash) Thefire extinguishers are considered to be well mamtamed 
components and are assumed to fad only 1% of the tune l h s  yields a frequency of West Dock 
Canopy Area fires that are not extingushed of 0098/yr Distincbons between personnel 
knowng about the fire or not knowng are made for later evaluabons The unawareness 
likelihood is found by dmdmg the 9 OOE-O2/yr frequency of a fire without personnel bemg 
aware by the total 9 80-02/yr frequency fires that are not emngushed 

Figure 16 carnes thls West Dock Canopy Area fire frequency forward and exammes the 
likelihood that the iire is w h  five feet of the wooden LLW crates and exarmnes the effect of 
mitigation system responses on the number of LLW crates unpacted by the fire Part of the 
combustible muteriaf control m the West Dock Canopy waste storage area is a prohbibon m 
stonng an-g but LLW crates in the West Dock Canopy Area and a reqwement that 
combustible materials have at least a fire foot separation from stored waste crates The 
combustible matenal separahon from stored waste crates Adrmnrstrabve Control llkelrhood of 
falure is assigned a value of 10% If the fire involves the waste crates m the West Dock Canopy 
waste storage area, the fire is assumed to grow to a pomt where the automatic sprinkler system 
may be actuated Thls well mamtamed system is conservabvely assumed to fail only 1% of the 
tune As stated earlier, it is assumed that the actuabon of the automatic sprinkler system could 
occur m response to a 4 wooden crate fire Due to the rate of fire growth associated wthfire 
retardant wooden crates, actuabon of the automatic sprinkIer system is assumed to stop fire 
propagabon unmedately ( I  e ,  lurut fire to 4 wooden LLW crates) 

Fire Department response is also considered m the scenano development and requres 
that personnel be aware of the fire to allow for nobficabon of the Fire Department vlafire 
phones The ldcellhood of successful Fire Department response is the combmbon offire 
phone reliability (conservatrvely assumed,to be 90% reliable due to the combmahon of a well 
mantamed system, mulbple phone locations, and personnel tramng) and Fire Department 
capability (capable of respondmg to fire w h n  15 mnutes and nubgating the fire 95% of the 
time) Agam, due to the rate of fire growth associated wth the crate fire, the Fire Department 
response is credited wth reducing the fire size to about half of the full inventory Thls is based 
on a requirement that a maximum of 50 AL W crates may be stored m the West Dock Canopy 
Area, an assumption that the entire fire duration would be about 30 minutes, and a response bme 
of about 15 minutes 

Based on the results of the West Dock Canopy waste storage area fire evaluations, the 
frequencies for vanous fire sizes in the waste storage area is as follows 

0 Medium 4 wooden LLW crate fire is an unlzkely event (9 70E-O3/yr), 
0 Large 30 wooden LLW crate fire IS an extremely unlikely event (6 86E-O6/yr), and 
0 Major 50 wooden LLW crate fire is an extremely unlikely event (9 12E-OS/yr), 
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Table 83 summanzes the results o f  the event tree evaluations o f  fires in vanous waste 
storage locations Based on scenano similanties, unique or enveloping scenanos can be 
identified for further evaluation Any enveloping scenanos must cany forward the protective 
features credited in the evaluations o f  the enveloped scenanos The “Remarks” column of  
Table 83 indicates the s c e m o s  to be further evaluated, identifies the enveloped scenano 
linkages to enveloping scenanos, and defines why the enveloped scenanos can be enveloped 

WASTE 
STORAGE AREA 

North Waste 

w-**mw= -mQma RE-?- \P r 1 

f ’ $ * _ J  li 
_* _I < - -4 i 

1MW Unlike& 
(’ 82E-04/yr) I Due to the similanty of frequencies in Storage Areas 3 TRU waste drums 

South Waste 
Storage Areas 

Building 996 Waste 
Storage Area 

North Waste Storage 
Areas 

1MW Unlike& each of the waste storage areas, no one 
waste storage area IS considered more 
likely than the others to realm a 
1 MW fire 1MW Unlike& 

2Mw Extremely Unlikely Enveloped by South Waste Storage 

3 TRU waste drums 

3 TRU waste drums 

(8 82E-04/yr) 

(9 70E44/yr) 

(9 7 0 E - 0 9 ~ )  3 TRU waste drums Area, 6 drums, lower MAR 

North Waste Storage 
Areas 

Extremely Unlikely Enveloped by South Waste Storage I Storage Area I 6TRUwastedrums (9 80E-O6/y) I Area, 6 drums, lower frequency 
Buildmg 996 Waste 

Bqyondfitremely 

(9 8OE-O7/yr) 

Enveloped by South Waste Storage 
Area, 6 drums, lower frequency 

2 MW 
6 TRU waste drums Unlikely 

I 2MW Extreme& Unlike& I Storage Areas I 6 TRU waste drums I (9.80E-O5/yr) 

Canopy Waste 
Storage Area 

Envelopmg Scenario 

Large Extremely Unlikely Enveloped by Canopy Waste Storage 
30 LLW waste crates (6 86E-061~) Area, 50 crates, lower MAR 

I Canopywaste I Medium toLarge I Unlikely I Unique scenario 

I (9 70E03/yr) 
Storage Area 4 LLW waste crates 

I Major Ertremely Unlikely I Storage Area 
Canopy Waste I 50 LLW waste crates I (9.12E-OSlyr) Enveloping scenario 

Therefore, the waste storage area facility fire scenanos to be analyzed are 

Facility Fire Scenano 1 - 1 MW TRU Waste Drum Facility Fire Thls facility fire 
involves the contents of 3 TRU waste drums located in either the Building 996, north or 
south waste storage areas This scenano is assigned an unZikei’y frequency in each o f  the 
Building 991 Complex metal waste container storage areas The facility fire is assumed 
to pyrolize the combustible contents of the 3 drums (600 grams WG Pu equivalent 
potentially involved) and release the radioactive matenal through drum seals that fad due 
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to the fire The facility fire is evaluated as occunrng m Room 170 but could occur in the 
other portions of the south waste storage area, the north waste storage areas, or in the 
Budding 996 waste storage area 

Facility Fire Scenario 2 - 2 MW TRU Waste Drum Facility Fire Ths facility fire 
involves the contents of 6 TRU waste drums located in the south waste storage areas 
'lhs scenano bounds or envelopes other facility fire scenanos due to the assignment of an 
extremely unZzkeZy fiequency (same size fire in north waste storage area is a beyond 
extremely unZzkeZy event and same size fire in Bmldmg 996 waste storage area is an order 
of magmtude less llkely to occur even though it's m the same fkquency bin) or due to the 
number of contamers mvolved in the fire (same size fire in north waste storage area has 
same frequency but mvolves fewer drums) The facility fire is assumed to pyrolize the 
combushble contents of the 6drums (1,200grams WGPu eqwvalent potenhally 
mvolved) and release the doac t ive  matenal through drum seals that fat1 due to the fire 
The facility fire is evaluated as occurring in Room 170 but could occur in the other 
porbons of the south waste storage area, the north waste storage areas, or m the 
Bmlding 996 waste storage area 

Facility Fire Scenario 3 - Medium to Large Wooden LLW Crate Facility Fire Thls 
facility fire mvolves the contents of 4 wooden LLW crates located in the West Dock 
Canopy waste storage area 'lhs scenano does not bound or envelop any other facility 
fire scenanos and has an assignment of an unZzkeZy fiequency The facility fire is 
assumed to i p t e  the combmble contents of the 4 crates (12 grams WG Pu equlvalent 
potentdly mvolved) and dvectly release the ra&oachve matenal The facility fire is 
evaluated as occumng m the West Dock Canopy waste storage area 

Facility Fire Scenario 4 - Major Wooden LLW Crate Facility Fire Thls facility fire 
involves the contents of 50 wooden LLW crates located m the West Dock Canopy waste 
storage area Thls s c e m o  bounds another facility fire scenano due to the number of 
contamers involved in the fire (smaller fire of Same frequency m the West Dock Canopy 
waste storage area mvolves only 30crates) and has an assignment of an extremely 
unlzkly fiequency The facility fire is assumed to igmte the combustrble contents of the 
50 crates (150 grams WG Pu eqwvalent potentially mvolved) and dmctly release the 
radioactwe matenal The facility fire is evaluated as occunrng in the West Dock Canopy 
waste storage area 

5.3.1.2 TransDort Vehicle Fire Scenmo DeveloDment and Selection 

The Building 991 Complex contams two dock areas where radioactive matenal 
containers (HazardEnergv Source 4A and HmaraYEnergy Source 4B) can be received or 
shpped On-site or off-site transport vehicles (HmuraYEnergv Source 5H) are parked at the 
docks during the receipt and shipment activities The west dock area mterfaces wth Room 170 
and is used for most of the receipt and shipment of radioactive matenal contamers (z e ,  handles 
all Type B shpping contamers and all waste contamers except those stored in Room 166) a s  
dock has a ramp interface that slopes away from the facility The east dock interfaces with an 
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open dock area outside o f  Room 166 and wll only handle waste contamers to be stored in 
Room 166 The east dock also handles the non-radioactive matenal receipts and shpments for 
the facility Thls dock has no ramp interface wth the facility (I e ,  the truck/tmler parlung area 
is flat) The analysis o f  transport vehicle fires potentially involves numerous individual 
evaluations dealing wth the attnbutes of vmous contamers and the two docks Protectwe 
features idenQfied in the dmussions that follow w11 be indicated in bold italicized text 

To begin the evaluahon, an assessment o f  the unpact o f  a fire on vanous waste contamers 
is performed Type B shipping contamers and POC containers are designed m a manner that 
precludes falure of  the contamers due to any expected external fires, mcludurg vehlcle fires, 
other than direct flame mpmgement torch,fires (Feature Fl5 and Feature F16, respecbvely) 
Expected vehcle fires are capable of impactmg the ra&oacbve matenal mventones of  metal, 
LLW and TRU waste contamers (I e ,  boxes and drums) and can mvolve the contamer and its 

mventory m the case of  wooden LLW crates The wooden LLW crates are combustible 
Expected vehcle fires mvolve a flammable liquid source ( i  e ,  diesel fuel), but the contamers are 
shelded from the pool fires by the bed o f  the trader port~ons o f  the vehcle 

Vehcle fires were evaluated m the Salt Stabilization Program Transportation Risk 
(Ref 35) report and m the Evaluation of Risk Associated with Transportation Activities within 
the Protected Area (Ref 36) The scenano evaluated addressed the possibility of a vehcle fire 
imtiated by an electtrcal malfunction or short that results m a fire m the engme compartment 
The scenano assumed that the fire spreads through the fuel system or spreads wa leakmg fuel 
unhl it breaches the vehcle fuel tanks The fire scenano was postulated to occur regardless of 
whether the transfer vehcle is located at the dock or m transit l h s  evaluabon addresses the 
transport vehcle parked at the Buldmg 99 1 docks 

References 35 and 36 determined the likelihood o f  a transport vehcle fire, mhated by an 
electncal malfunction or short that results in a fire in the engine compartment, is a Beyond 
Extremely UnZikeZy event This frequency is based on (1) an mbabon frequency for the 
electncal malfunction or short, (2) an exposure fiachon for the tune that radioacbve matenals of 
interest wll  be on the transport vehcle, (3) the lrkelihood that the fuel and the resultmg fuel fire 
wll center under the bed of the transport vehcle (accounts for crownrng and slopes on the 
roads), and (4) the llkellhood that a fuel fire located under the transport vehcle wll  breach the 
metal bed or enclosure o f  the transport vehcle and engulf contamers on the transport vehcle 

The only factor of concern in the above methodology for the Bullding 991 docks is the 
likelihood that the fuel and resulting fuel fire wll  center under the bed of  the transport vehcle 
For the west dock, whch has a distinct slope away from the building, the lrkelihood of  the fuel 
pooling under the transport vehicle bed is reduced to 0 0 The east dock area has no noticeable 
slope so the likelihood of the fuel pooling under the transport vehicle is probably greater than 
0 5 Unless it is assumed that the pooling of  fuel under the transport vehicle bed occurs 100% of  
the time, the likelihood of h s  scenano remains as Beyond Extremely Unlikely The east dock is 
only used for shipping or receiving waste containers from Room 166 The west dock is used for 
all other receipts and slupments o f  waste containers Therefore, the amount of  time that a 
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transport vehicle wll  be at the east dock is fbrther reduced Based on these factors it is estimated 
that the likelihood of a fire occumng at the east dock is a Beyond fitremely UnZzkely event 

Therefore, no credible facility fire scenarios are postulated dealing wth a transport 
vehicle parked at the Budding 991 docks 

5.3.1.3 Direct Flame Impmgement Torch Fire Scenano Development and Selection 

The Buldmg 991 Complex personnel may use propane or other flammable gas torches 
(HazardEnergy Source 5B) m support of construchon and mamtenance acttwhes Th~s type of 
equipment has the potenhal to dn-ectly impact TypeB shppmg contamers (HazardEnergy 
Source 4 4  or waste contamers (HazardEnergy Source 4B) located m the complex Type B 
shpping contamers were ellrmnated fiom considerahon due to Reqwrement R2 that restricts the 
use of propane or other flammable gases in vaults while SNM is present TRU waste or LLW 
contamer drect flame impmgement torch fires were enveloped by other facllity h s  unpactmg 
the contamers The only remaming contamer of interest m th~s scenmo is the POC contamer 

Requement R3 reqwres that work controls be m place to ensure that waste contamer 
direct exposure to propane or other flammable gas flames is an extremely unlzkely event Thls 
requrrement should not be difficult to unplement, m most cases, m that movement of the waste 
contamers away from any areas where flammable gas is bemg used should sahsfy the 
requement It is postulated that a flammable gas device is bemg used m the Same room that 
stores POC contamers. The contamers are separated h m  the work area per guldance by F m  
Protection orgamzahons It is possible that a worker fall off a ladder or suffer some rulment that 
results m the flammable gas demce being dropped in the duechon of the stored contamers 
Portable propane gas cylinders may be able to roll toward waste contamers Oxyacetylene 
torches are not ldcely to roll but could fall near waste contamers 

In the case of a POC contamer, a pipe component is located mide a 55-gallon drum 
Propane torches are most ldcely to come in contact wth contamers due to the possibllity of their 
rolling when dropped However, propane torches are unZzkeZy to breach even the outer contamer 
due to the relahvely low temperature associated wth the torch in combmation wth the 
sigmficant heat slnk avadable m the drum Subsequent breachng of the pipe component is 
considered to be not credzble The combination of Requrement R3 and the unlzkely breach of 
the contamer by a propane torch assumption leads to a beyond extremely unbkeZy event, whch is 
not M h e r  evaluated 

Oxyacetylene torches or other relatively hgh temperature torches would breach the outer 
container of a POC if they came in contact w t h  the contamer For the torch flame to be aligned 
in a manner to breach the outer contamer and then act on the pipe component in a manner leading 
to breach of the pipe is considered to be an unlzkely if not extremely unlzkely event wthout 
intentional directing of the torch flame The combination of Requirement R3 and the unlikely to 
extremely unZikeZy breach of both the outer and inner contamers by a high temperature torch 
assumption leads to a beyond extreme& unZzkeZy event, whch is not further evaluated 
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Therefore, no credible facility fire scenanos are postulated dealing wth direct flame 
impingement on waste contamers by flammable gas torches 

53.2 Facility Fire Scenario 1 - 1 MW TRU Waste Drum Facility Fire 

Thls accident scenano is discussed below and is summanzed in Table 85 located at the 
end of Section 5 3 ,  Fucilzty Fire Scenario Accident Analyses Protectwe features idenhfied in the 
discussions that follow w11 be inhcated in bold ztulicrzed text 

Accident Scenano 

A facility fire is postulated to impact up to three55-gallon waste contamers 
(HuzurdEnergy Source 4B) The facility fire may occur as a result of the presence of propane 
(HuzardEnergy Source 5B), natural gas (HazardEnergy Source 5 0 ,  or other combmbles 
(HazardEnergy Source 13F) bemg igmted dunng the conduct of hot work or by exposure to 
electncal system components (HmurdEnergy SourceSE) The facility fire may occur m 
Building 996, any north waste storage area, or any south waste storage area The facility fire is 
assumed to nutially mvolve combmble matenals located m close proxumty to stored waste 
contamers The fire causes heatmg of the waste contamers and their contents, pyrolynng of the 
contamer contents, and subsequent venhng of contamer gases contamng d o a c t w e  matenal 
through farled contamer lid seals A vlolent loss of the drum lid fiom overpressure of the 
contamer is not postulated to occur due to the relatwely slow heatmg rate of a solid combustible 
matenal fire (versus a flammable liquid pool fm that can cause lid loss) and due to the relatwely 
low heat flux and total heat energy associated wth the lmited amount of combustrbles Thls 
assumption is supported due to the reqwement of a combustible material controI program that 
restncts flammable hquds and other combusbble matenals wth h ~ g h  heat release rates fiom the 
facility or stnctly controls the use of any such combusbbl!e matenal m the facility The 
combustible loadmg associated wth the fire is modeled as three wooden pallets located w b  
five feet of the impacted waste contamers The fire may last for 30 m u t e s  or more but is 
conservatively evaluated as a short durahon fire (modeled as a 10 mnute release) The fire is 
modeled as a confined matenal release due to the assumption that the fire only fads the contamer 
lid seals and does not lead to contamer lid loss Due to the amount of heat energy associated 
with thls fire and the potential distance to the release fiom the facility through a venblation 
system, a ground-level (non-lofted) release of the radioactive matenal is conservatively assumed 

Scenario Modeling Assumptrons fire, confined matenal, 1 0 minute duration, non-lofted 
plume 
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Accident Freauencv 

The postulated accident scenano is considered to be an unlzkely event The likelhood of 
h s  scenano was mitially defined by condibons occurrrng m or requirements imposed on the 
facility 

Reqmrement R8 indicates that combustible material control and ignition source 
control programs must be lmplemented to make fires m areas contauung staged, 
stored, or in-process radioactive matenals unlzkely events, and 

Feature F17 indicates that the breach of any flammable gas containers that are used 
m the performance of acbvibes must be an unlikely event due to confarner resistance 
to impacts 

The combustible material control and ignition source control programs, for example, mclude 
(1)restnctions on the mtroducbon of flammable hqmds or other hgh heat release rate 
combusbbles into waste storage areas wthout appropnate controls, (2)reqmment that no 
wooden crates are present m the waste storage areas (excludes the West Dock Canopy area), 
( 3 )  placmg restrictions on smoking in the facilibes, and (4)  requvements that hot work permits 
be developed for the conduct of any spark, heat, or flame producmg work m the facility 

Inherent m the llkelihood determmahon for facility fires was the requvement that 
electrichl systems are maintained m the Bmldmg 991 Complex (made to mamtam assumpbons 
about the llkelihood of electncal power system (HuzurdEnergy Source 5E) falures leadmg to 
fires are unlzkely to extremely unlzkely events) 

In the event tree analysis for waste storage area fues, the followmg assumpt~ons, features, 
and reqmrements were made to detemne that the fire is an unlzkely event 

Assumpbon personnel in waste storage areas about 20 hodweek,  

Assumpbon untramed personnel wll  extmgcush small fires 20% of the time 
(personnel do not receive hands-on portable fire extmgmsher use t r w g  but do 
receive educational onentation concemmg fire extmgcushers d u n g  the General 
Employee Tmning), 

Feature fire extinguishers must be located throughout the waste storage areas and 
must be well mantamed, 

Requirement it is prohibited to have wooden crates in internal waste storage areas as 
part of the combustible material control program, 

Requirement transient combustibles must have a five foot separation from stored 
waste containers as part of the combustible material control program, and 

waste storage areas, except for Building996, must have an automatic 
sprinkler system that must be well mantamed 

0 Feature 

Scenario Modeling Assumptions unlikely event 
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Matenal- At-hsk 

Up to three 55-gallon drums contamng TRU waste are involved m the 1 MW facility fire 
scenano It is assumed that there is one or more falures of the combustible material control 
program and that combusbble matenals are placed wthm five feet of a stack of TRU waste 
drums Up to three drums are exposed to an unrmbgated ( I  e ,  no spnnkler system response) 
1 MW fire or are exposed to a mitigated ( I  e ,  automatic sprinkler system response) fire (north 
waste storage area only) The combustible loadmg associated wth the fire is not restncted to 
wooden pallets but the pallets are used as representative combustrble loads Small quanbties of 
flammable liqmds (e g , pamt cans) could also be a canhdate for the mbal h but it is expected 
that other fires mvolving small quantibes of flammable liqulds would have less unpact and lead 
to less contamer involvement Due to the requuements of the combustible material control 
program, no fire is postulated that could lead to contamer lid loss Inherent m the assumpbon 
that the scenano can be modeled as a confined matenal release is the resistance of the metal 
waste container to fires of thrs type Also, the metal waste container is &ted to preclude fire 
propagabon between waste contamers Based on General AssumpbonG4, no more than 
200 grams (WG Pu equivalent) of rahoacbve matenal wll  be in a TRU waste drum and thrs is 
unposed as a container radioactive material loading lmtabon A blended DCF of 3 3Ei-07 is 
used to conservatively account for the population =of waste contamer IDCs, some of whch 
should be modeled wth Solubility Class W and some of whch should be modeled wth 
Solubilitv Class Y It is conservatively assumed that the entm contamer mventory of the 
three drums is mvolved m the accident scenano (z e ,  DR = 1) 

Scenarro Modelrng Assumptions 3 drums, 600 grams, blended DCF, DR = 1 

Accident Conseauence 

The radiological dose consequences of facility fires mvolvmg TRU waste contamers were 
ongmally assessed to be hrgh for both the MOI and the CW Thls yielded an mbal nsk class for 
the scenano of R s k  Class I for both receptors (unlrkely fkquency, hrgh consequence) Based on 
Table 2. the radiological dose conseauences of m t i g a t e d  facility fires were onginallv assessed 
to be moderate for the IW Th~s yielded an initial nsk class for the scenano of h s k  Class II for 
the I W (unlzkelv fieauencv. moderate conseauence) 

The analyzed radiological dose consequences of a facility fire mvolving three 55-gallon 
TRU waste drums are moderate (0 26 rem) to the MOI and hzgh (35 rem) to the CW The 
resultmg nsk class for the scenano is h s k  Class I1 for the MOI (unlrkely fiequency, moderate 
consequence) and h s k  Class I for the CW (unbkely frequency, hzgh consequence) 

The IW located in the vicimty of the crate fire could have been senously burned as a 
result of the scenano but the IW would almost have to come into close proximity of the burning 
material to be seriously impacted The more likely mechmsm for IW senous injury or death 
deals with exposure of the IW to smoke leading to asphyxiation or to noxlous components of the 
smoke This scenano either occurs in low ceiling rooms wth automatic sprinkler system 
response that would tend to mitigate any smoke related effects or in hgh ceiling rooms that 
would significantly delay IW smoke related impacts There is the potential for the IW to inhale 

Revision 2 
September 1999 

z$b 

268 NSTR-O 1 I -98 
B991 Complex FSAR Support 



radioactive matenal being carned in the effluent from the fire (0 3 grams) but the IW would have 
to reman in the vicmty of  the fire or in the path of the effluent It would be relatively easy for 
the IW to vacate the area w~th mmmum dose impact if the IW is not incapacitated The 
radiological dose consequences for the IW are qualitatwely judged to be low, consistent wth 
Table 2 for mitigated fires. due to (1) the moderate amount o f  ra&ological matenal that is 
released, (2) the indicators o f  a fire (e g ,  smoke, flames) that informs the IW of  the event, and 
(3) the building emergency plan that directs the I W to evacuate The resulhng nsk class for the 
scenano is R s k  Class I11 for the IW (unlzkely frequency, low consequence) 

I 

The IW located m the facility but away fiom the accident will not be exposed to the 
facility fire (no burn potentd) unless the IW evacuahon path is through the accident area Th~s 
latter concern is unlikely to be reaiized due to the layout o f  the facility wth mulhple extt paths 
from most areas A fire o f  this type is expected to have sufficient heat energy to set off the 
automatic sprinkler system m the north waste storage areas that would yield a water gong alarm 
to dorm some complex personnel Personnel who become aware o f  the achvation of  the 
spnnkler system may make an announcement over the LSLDJV system or may lift afire phone 
and achvate the facilityfue alarm to d o r m  other personnel m the complex who may not have 
heard the water gong alarm A fire o f  thls type m Buildmg 996 is expected to set off the smoke 
detectors that may result m the Fire Department becommg aware o f  the fire, m f o m g  the 
facility of the con&hon, and the facility management d o m g  personnel m the complex wa the 
LS/2)Wsystem or wa a generalfire alarm mhated by l i h g  ajirephone Any personnel who 
are aware of the event can uhlize fire phones to result m a facility fire alarm le&g to 
evacuation o f  any facility IW unaware o f  the event per the facility emergency plan The 
consequences for the hhally unaware IW are qualitahvely judged to be low due to (1) the 
moderate amount o f  radiological matenal that is released, (2)the potenbal fire 
detechodannouncement dewces (e g , water gong alarm, smoke detectors, fire phones) that 
will provide signals to alarm h c h o n s ,  (3) the m&cators o f  a fire (e g ,fire alarm, W W )  that 
dorms the IW of  the event, and (4) the building emergencyplan that dnects the IW to evacuate 
No nsk class designahon for the mtially unaware IW is prowded 

Control Set AdeauacvNulnerabilitv 

Six preventive features have been credited m the determmahon of the scenano frequency 
and five mitigative features have been credited in the scenano consequence detmnation The 
credited preventive features are 

1 the Admimstrative Control to provide a combustible material control program 
[five foot separation between combustibles and waste containers and ensunng that 
combustible matenal quantities reman low] (all receptors), 

2 the Admimstrative Control forflammable gas container specifications (all receptors), 

3 the Admimstrative Control for fire extingunher placement and mamtenance (MOI 

4 the Administrative Control to provide an ignition source control program 
and cw), 

[restnctions on smolung in the facility, hot work permits] (all receptors), 
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5 the Admnistrative Control for efecfricaf sysfem maintenance to mutam current fire 
frequency assumptions (all receptors), and 

6 the hardware control for an automatic sprinkler system in all internal waste storage 
areas other than Building 996 (MOI and CW) 

The credted mbgatwe features are 

1 the Ahmstrative Control of  confainer radioacfive material loading (all receptors), 

2 the Admuustrative Control for metal wasfe container specificat~ons (all receptors), 

3 the Ahmstratwe Control to provide a combustible materhl control program 
[flammable liqwd or h ~ g h  heat release rate matenal restrrct~ons] (MOI and CW), 

4 the hardware control for an automatic sprinkler system m all internal waste storage 
areas other than Buldmg 996 (MOI and CW); and 

5 the Admuustratwe Control o f  an emergencyplan (IW only) 

Falures o f  the preventwe features are already assessed in or bounded by the s c e m o  
frequency deternabon event tree process and w11 not be addressed further The automatic 
sprinkler sysfem preventwe feature is stated to be credited m the detenmnabon o f  scenano 
frequency but the frequency bm assignment for h s  scenano wdl not change if the system is not 
credited Th~s is due to the use o f  the south waste storage areas, where the spnnkler system is 
not actwated, as the boundmg scenario North waste storage area fire frequency mcreases if the 
spnnkler system IS not credited but not enough to change the unlikely frequency bm 
determinabon 

Falures o f  the container radioacfive material loading mbgatIve feature (hlgher MAR 
contamers, one order o f  magmtude reduction in frequency, no change in scenano fkquency bin) 
would result m addibonal MAR. The dose consequence bin assignment is already hzgh for the 
CW so MAR mcreases wll  mcrease dose consequences but no change in the scenano CW nsk 
- class w11 result It would take almost 19 times the MAR to be mvolved m an accident scenano 
to yield a change m the MOI dose consequence bin assignment (from 0 26 rem to 5 rem) Th~s 
equates to an average TRU drum inventory o f  over 3,800 grams m each o f  the three drums 
Inventory errors h s  large are considered to be beyond extremely unlzkely events More llkely 
errors of a factor of  two or less do not change the scenano consequence bm assignment for any 
receptor Therefore, for thls situation, there is no change in scenano nsk class due to falure of 
the container radioactive maferiaf foadmg mitigative feature 

Failures of  the mefal wasfe confarner mitigative feature (potential lid loss or fire 
propagation between containers, one frequency bin reduction due to standardization o f  waste 
containers) would result in a higher release fraction and/or additional MAR The dose 
consequence bin assignment is already hzgh for the CW, so release fraction or MAR increases 
will increase dose consequences, but there is a decrease in scenano frequency (due to protective 
feature failure) resultmg in a scenano nsk class of h s k  Class I1 for the CW for the scenano 
involving a failure of  the metal waste container mitigative feature It would take almost 
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19 tmes the intermediate source term to be involved m an accident scenano to yield a change in 
the MOI dose consequence bin assignment (fiom 0 26 rem to 5 rem) Fire scenano lid loss 
release fractions are two orders o f  magmtude hlgher (assumption is that matenal is ejected and is 
modeled as an unconfined combustible matenal fire) than the confined matenal fire release 
fractions I f  the matend is not ejected (1 e ,  rem- m the drum) the release fiactions for drum 
lid loss are the Same as for drum lid seal falure Therefore, a degradahon of  the metal waste 
container such combustible matenal fires other than pool fires result m contamer lid loss wl l  
change the MOI consequence bin assignment to hzgh but wth the decrease m the frequency bm 
assignment, the nsk class remmns fisk Class I1 for the MOI (extremely unhkely fkquency, hrgh 
consequence) I f  the metal waste contamer mbgabve feature fatlure results m an mcrease m fire 
propagation, almost 19 tunes the number of contamers would have to be mvolved to change the 
MOI consequence bin assignment Th~s equates to almost 57drums being mvolved m the 
scenano Fires thls large would actuate the automutic sprhkter system m the south waste 
storage areas and are considered to be beyond extremely unlzkely events More llkely a few 
additional drums would be mvolved, whlch does not change the scenatlo consequence bm 
assignment for any receptor Therefore, for thls situabon, the nsk class for the CW becomes 
Rwk Class I1 (due to fiequency reduchon wth already hzgh consequence bin), the nsk class for 
the MOI remans b s k  ClassII, and the nsk class for the IW becomes b s k  ClassIV (due to 
frequency reducbon and mamtenance o f  the low consequence bm) due to fmlure of  the metal 
waste container mhgabve feature 

Falures o f  the combustible material control mhgahve feature dealmg wth mtxoducbon 
o f  hgh heat rate combrnbles (potenhal lid loss, one fiequency bm redurnon due to lack o f  need 
for such matenals) would result m a lugher release h c h o n  The fatlure o f  the combmti6le 
material controt mtigahve feature dealing wth excessive combushble materials m the facility is 
already addressed m the scenaflo frequency deternunabon event tree process The dose 
consequence bm assignment IS already high for the CW, so release &chon lncreases wl l  
increase dose consequences, but there is a decrease m scenario frequency (due to protective 
feature falure) resultmg m a scenatro nsk class o f  for the scenano 
involvmg a filllure of the combmtibte materiaf control mxbgabve feature. Fire scenano lid loss 
release fractions are two orders o f  maptude hlgher than the confined matenal fire release 
fractions Therefore, pool fires resulting in contamer lid loss wll  change the MOI consequence 
bin assignment to high but with the decrease in the frequency bm assignment, the nsk class 
remains fisk Class I1 for the MOI (extremely unbkeZy fiequency, high consequence) Therefore, 
for this situation, the nsk class for the CW becomes h s k  Class I1 (due to frequency reduction 
with already hzgh consequence bin), the nsk class for the MOI remains k s k  Class 11, and the nsk 
class for the IW becomes f i sk  Class IV (due to frequency reduchon and mantenance of the low 
consequence bin) due to falure o f  the combustible material control mitigative feature 

. The failure of the automatic sprinkler system nutigative feature is already addressed in 
the scenario frequency determination event tree process Failures of  the emergency ptan 
mitigative feature (inadequate plan, one frequency bin reduction due to sensibility of evacuation 
and standardized guidance) could result in additional IW exposure to airborne radioactive 
matenals The IW scenano consequences may increase to moderate for th~s event resultmg in a 
Risk Class I11 scenano for the IW due to the higher consequences associated with the longer 
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duration exposure Therefore, for thls situation, there is no change in scenano nsk class for the 
- I W due to filure of the emergency plan mihgatwe feature 

In all situaQons discussed above, the followng defense-in-depth features tend to mitigate 
or prevent the s c e m o  but are not credited m the analysis 

Trainzng (all receptors) The operator Training program is an additional preventwe 
feature that can potentially reduce the likelihood o f  mwrrect introduction or 
placement of  combusbbles 

Flow AlarndFire Department Response (MOI and CW only) For fires in areas 
covered by the automatic sprinkler system, flow alarm transmittal to the Fue 
Dispatch Center can lead to scenano mogatron due to Fire Department response 
Sprrnkler response wll occur for facility fues m the north waste storage areas and 
may occur for facility fires 111 the south waste storage areas 

Smoke Detectorflire Department Response (MOI and CW only) For fues III areas 
covered by smoke detectors, fire alarm transrmttal to the Fue Dispatch Center can 
lead to scenano nubgation due to Fire Department response Smoke detection 
capability wl l  be able to detect facility fires m Buldmg 996 

Fire P h o n d i r e  Department Response (MOI and CW only) Fire phone 
commutllcabon to the Fire Dispatch Center can lead to scenar~o mtrgaaon due to 
Fire Department response There is a possibility that the fire wll be notxed by 
personnel but the most llkely scenano would not have personnel detection o f  the fire 

Filtered Exhaust Ventilation (MOI and CW only) For fires m venblated areas 
(north waste storage areas), thefiltered exhaust ventilation systems of  the facility can 
a d  m scenaflo rmtigahon by filtenng facility exhaust and reducing the radiological 
dose consequences o f  the CW and the MOI 

Training (IW only) The IW Training program is an add~t~onal mbgatme feature 
that can reduce IW consequences as a remforcement of  the emergency plan 
evacuafion pdance 

Water Gong AlardAutomatic Sprinklers (IW only) For fires in areas covered by 
the automatic sprinkler system, water gong alarm activaQon may reduce IW 
consequences by providing indication o f  a fire to some facility personnel Sprinkler 
response wll occur for facility fires in the north waste storage areas and may occur 
for facility fires in the south waste storage areas 

Smoke Detectors/zs/DW (IW only) For fires in areas covered by smoke detectors, 
once informed by the Fire Department, facility management can utilize the LSDW 
system to reduce IW consequences by providing indication of  a fire to facility 
personnel Smoke detection capability wll be able to detect facility fires in 
Building 996 
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Frre PhonedCocaI Frre Alarm (IW only) Fire phone use activates local fire 
alarms and can reduce IW consequences by providing indicafion o f  a fire to facility 
personnel Facility management may be informed by vmous alarms or the Frre 
Department or personnel may be aware of  the fire and use thefire phone 

In summary, the analyzed accident scenano yields h s k  Class I results for the CW, h s k  
Class11 results for the MOI, and k s k  Class111 results for the IW Frulures o f  mdwdual 
mitigatwe features concurrent tnth the accident do not mcrease the nsk class of the scenano for 
any receptor For many cases, there is a nsk class reducbon for the CW from hsk Class I to 
h s k  Class I1 and for the IW fiom k s k  Class I11 to f i sk  Class IV associated wth the concurrent 
filures scenano Frulures o f  the hgh heat release rate combrrsiible material control mbgatwe 
feature may yield MOI doses m excess o f  5 rem 

5 3 3  Facility Fire Scenario 2 - 2 M W  TRU Waste Drum Facility Fire 

"Ius accident scenano is discussed below and is s u m m m d  m Table 86 located at the 
end o f  Secbon 5 3 ,  Fuczlzty Fzre Scenario Accident Analyses Protectwe features idenbfied m the 
discussions that follow w11 be mdicated 111 bold italicized text 

Accident Scenmo 

A facility fire is postulated to unpact up to slx55-gallon waste contamers 
(HazardEnergy Source 4B) The facility fire may occur as a result of the presence of propane 
(HazardEnerw Source 5B), natural gas (HazardEnergy Source 5 0 ,  or other combmbles 
(HazarcZEnergy Source 1 3 8  bemg igmted dunng the conduct of hot work or by exposure to 
electncal system components (HazardLEnergy Source 5E) The facility fire may occur in the 
south waste storage area, north waste storage area, or the Bmldmg 996 waste storage area. The 
facility fire is assumed to m~t~ally mvolve combushble matenals located m close proxlrmty to 
stored waste contamers The fire causes heatmg o f  the waste contamers and their contents, 
pyrolyzmg of  the contamer contents, and subsequent ventmg of contamer gases contammg 
radioactive rnatenal through fruled contamer lid seals A violent loss o f  the drum lid fiom 
overpressure of  the contamer is not postulated to occur due to the relatwely slow heatmg rate o f  a 
solid combustible matenal fire (versus a flammable liqud pool fire that can cause lid loss) and 
due to the relatively low heat flux and total heat energy associated wth the limted amount of 
combustibles Thls assumption is supported due to the requirement o f  a combustible material 
control program that restncts flammable liquids and other combustible matenals wth hgh heat 
release rates from the facility or stnctly controls the use of  any such combustible matenal in the 
facility The combustible loadmg associated wth the fire is modeled as five stacked wooden 
pallets located wthin five feet of  the impacted waste contamers The fire may last for 
30minutes or more but is conservatively evaluated as a short duration fire (modeled as a 
10 minute release) The fire is modeled as a confined matenal release due to the assumption that 
the fire only fails the container lid seals and does not lead to contamer lid loss Due to the 
amount of heat energy associated with this fire and the potential distance to the release fiom the 
facrlity through a ventilation system, a ground-level (non-lofted) release of  the radioactive 
matenal is conservatively assumed 
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Scenarzo Modelzng Assumprzons fie, confined matenal, 10 minute duration, non-lofted 
plume 

Accident Freauencv 

The postulated accident scenano is considered to be an unlrkely event The likelihood of 
this scenano was mbally defined by condibons occurnng in or reqmments imposed on the 
facility 

Requrement R8 mdicates that combustible material control and igniiion source 
control programs must be nnplemented to make fires rn areas contamng staged, 
stored, or m-process radioactwe matenals unlzkely events, and 
Feature F 17 rnhcates that the breach of any flammable gas containers that are used 
m the performance of actmbes must be an unlzkely event due to contamer resistance 
to mpacts 

The combustible material control and ignition source control programs, for example, mclude 
(1) restncbons on the mtroduction of flammable liqulds or other lvgh heat release rate 
combustibles mto waste storage areas wthout appropnate controls, (2)reqmment that no 
wooden crates are used m the metal contamer waste storage areas or the facihty, (3)placmg 
restrzctions on smoking m the facilibes, and (4)reqrurements that hot work permits be 
developed for the conduct of any spark, heat, or flame producrng work m the facihty 

Inherent m the likellhood detenmnation for facility fires was the reqmment that 
electrzcal system are maintained m the Bmldmg 991 Complex (made to mam- assumptxons 
about the llkelihood of electncal power system (HazardEnergy Source 5@ farlures leadmg to 
fires are unlikely to extremely unlzkely events) 

In the event tree analysis for waste storage area fires, the followmg assumpt~ons, features, 
and reqwements were made to d e t e m e  that the fire is an extremeZy unlzkeZy event 

Assumpbon personnel m waste storage areas about 20 hours/week, 

Assumption untramed personnel w11 extmgmsh small fires 20% of the tune 
(personnel do not receive hands-on portable fire extinguisher use tramng but do 
receive educabonal onentation concemng fire extinguishers dmng the General 
Employee T m ) ,  

Feature fire extinguishers must be located throughout the waste storage areas and 
must be well mamhned, 

Requirement it is prohbited to have wooden crates in internal waste storage areas as 
part of the combustible mterial control program, and 

Requirement transient combustibles must have a fivefoot separatzon from stored 
waste contamers as part of the combustzble materzal control program 

Scenario Modeling Assumptions extremely unlikely event 
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Matenal- At-hsk 

Up to six 55-gallon drums contaimng TRU waste are involved in the large facility fire 
scenano It is assumed that there is two or more frulures of the combustible material control 
program and five stacked wooden pallets (1 e , a 2 MW fire) are placed wthm five feet of a stack 
of TRU waste drums Up to six drums are exposed to an unmitigated (I e ,  no spnnkler system 
response) 2 MW fire The combustible loadmg associated wth the fire is not restncted to 
wooden pallets but the pallets are used as a representative combustible load Small quanuties of 
flammable liquds (e g pant cans) could also be a candidate for the mhal fire but it is expected 
that other fires involvmg small quantities of flammable liquds would have less mpact and lead 
to less contamer mvolvement Due to the reqwrements of the combustible material control 
program, no fire is postulated that could lead to contamer lid loss Inherent in the assumpbon 
that the scenano can be modeled as a confined matenal release is the resistance of the metal 
waste container to fires of h s  type Also, the metal waste container is c h t e d  to preclude fire 
propagabon between waste contamers Based on General AssumpuonG4, no more than 
200 grams (WG Pu equvalent) of radioactive matenal wl l  be m a TRU waste drum and thls is 
imposed as a container radioactive material loading lmitahon A blended DCF of 3 3E#7 is 
used to conservatively account for the population- of waste contamer IDCs, some of whch 
should be modeled wth Solubility Class W and some of which should be modeled wth 
Solubilitv Class Y It is conservabvely assumed that the entire contamer mventory of the 
six drums is involved m the accident scenano (I e DR = 1) 

Scenario Modeling Assumptions 6 drums, 1,200 grams, blended DCF, DR = 1 

Accident Conseauence 

The radiological dose consequences of facility fires involvmg TRU waste containers were 
onginally assessed to be high for both the MOI and the CW Tlus yielded an mbal nsk class for 
the scenmo of h s k  Class I for both receptors (unlzkely fiequency, high consequence) Based on 
Table 2, the radiological dose conseauences of unmibgated facility fires were onginally assessed 
to be moderate for the IW This yielded an initial nsk class for the scenano of h s k  Class I1 for 
the I W (unlzkelv fieauencv. moderate consequence) 

The analyzed radiological dose consequences of a facility fire mvolvmg six 55-gallon 
TRU waste drums are moderate (0 52 rem) to the MOI and high (71 rem) to the CW The 
resulting nsk class for the scenano is h s k  Class I11 for the MOI (extremely unlikely frequency, 
moderate consequence) and h s k  Class11 for the CW (extremely unlikely frequency, high 
consequence) 

The IW located in the vicimty of the 2 MW fire could have been senously burned as a 
result of the scenmo but the IW would almost have to come into close proximity of the b m n g  
matenal to be senously impacted The more likely mechmsm for IW senous injury or death 
deals wth exposure of the IW to smoke leading to asphyxiation or to noxious components of the 
smoke Thrs scenario either occurs in high ceiling rooms that would sigmficantly delay IW 
smoke related impacts There is the potential for the IW to inhale radioactive matenal being 
carried in the effluent from the fire (0 6 grams) but the IW would have to remain in the vicimty 
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of the fire or in the path of the effluent It would be relabvely easy for the IW to vacate the area 
with m i m u m  dose impact if the IW is not mcapacitated The radiological dose consequences 
for the IW are qualitatively judged to be low, consistent wth Table 2 for mitigated fires, due to I 
(1) the moderate amount of radiological matenal that is released, (2) the indicators of a fire 
( e  g , smoke, flames) that informs the IW of the event, and (3 )  the building emergency plan that 
directs the IW to evacuate The resulting nsk class for the scenano is h s k  Class IV for the IW 
(extremely unlikely fiequency, low consequence) 

The IW located in the facility but away from the accident wl l  not be exposed to the 
facility fire (no burn potenhal) unless the IW evacuabon path is through the accident area l b s  
latter concern is unlikely to be realized due to the layout of the facility wth mulbple exit paths 
from most areas A fire of thrs type is not expected to have sufficient heat energy to set off the 
automatic fire suppression system m the south waste storage areas so no flow-related fire alarm 
w11 occur Any personnel who become aware of the fire due to dmct observabon of smoke or 
flames can ubllze fire phones to result m a facility fire alarm l e h g  to evacuation of any 
facility IW unaware of the event per the facility emergency plan The consequences for the 
imtially unaware IW are qualitatwely judged to be moderate due to (1) the moderate amount of 
radiological matenal that is released, (2)the lmted potenhal of fire detecbodannouncement 
devices (e  g ,fire phones) that wl l  provide signals to alarm hchons ,  (3) the h t e d  potenhal 
for indicators of a fire (e g ,fire alarms) that mforms the IW of the event, and (4) the buldmg 
emergencyplan that directs the fire-aware IW to evacuate No nsk class designation for the 
imtially unaware IW is provlded 

Control Set AdeauacvNulnerabilitv 

Five prevenbve features have been credted m the d e t e m h o n  of the scenano 
frequency and four mitigative features have been credited m the scenano consequence 
deternation The credited preventive features are 

1 the Admitstratwe Control to provide a combustible material control program 
[ensmng excessive combusbble matenals are not in the waste storage areas, five foot 
separahon between combustibles and waste conta~ners] (all receptors), 

2 the Admirustrative Control forflammable gas container specifications (all receptors), 

3 the Admrustrative Control for fire extrnguisher placement and mamtenance (MOI 

4 the Admirustrative Control to provide an ignition source control program 
[restnctions on smolung in the facility, hot work pemits] (all receptors), and 

5 the Admimstrative Control for electrical system maintenance to maintain current fire 
frequency assumptions (all receptors) 

and cw), 

The credited mitigative features are 

1 the Administrative Control of container radioactive material loading (all receptors), 

Revision 2 
September 1999 

276 I NSTR-O 1 1-98 
999 I Complex FSAR Support 



2 the Adrrrrmstrabve Control for metal waste cotttainer specificabons (all receptors), 

3 the Admmstrabve Control to provide a combustible material control program 
[flammable liqmd or hgh heat release rate matenal restnctions] (MOI and CW), and 

4 the A b s t r a t i v e  Control of an emergencyplan (IW only) 

Falures of the preventive features are already assessed m or bounded by the scenano 
frequency detemnabon event tree process and wll not be addressed further 

Falures of the container radioactive material loading mbgabve feature mgher MAR 
contamers, one order of magmtude reduction in frequency, no change m scenano frequency bin) 
would result m addibonal MAR The dose consequence bm assignment is h d y  hzgh for the 
CW so MAR mcreases wll mcrease dose consequences but no change m the scenano CW nsk 
- class wll result It would take almost 10 tunes the MAR to be mvolved in an accident scenano 
to yield a change rn the MOI dose consequence bm assignment (bm 0.52 rem to 5 rem) Tlus 
equates to an average TRU drum mventory of over 2,OOOgrams m each of the sixdrums 
Inventory mors thls large are considered to be beyond extremely unlzkely events More likely 
errors of a factor of two or less do not change the scenano consequence bm assignment for any 
receptor Therefore, for thls situabon, there is no change m scenano nsk class due to falure of 
the container radioactive material loading rmbgatwe feature 

Failures of the metal waste container mbgabve feature (potenbal hd loss or fire 
propagabon between contamers, one fkquency bm reducbon due to standardmhon of waste 
contamers) would result m a hgher release hcbon andor addibonal MAR Smce the s c e m o  
was determmed to be an extremely unlzkely event, fmlure of the met& warie container mibgabve 
feature concurrent with the scenano would be a beyond extremely unlzkely event and does not 
requre further evaluabon 

Falures of the combustible material control mbgabve feature dealmg wth mtroducbon 
of hgh heat rate cmmbusbbles (potenbal lid loss, one fkequency bm reducbon due to lack of need 
for such matenals) would result 111 a hgher release hcbon Smce the scenario was determined to 
be an extremely unlzkely event, fmlure of the combustible material control mtigative feature 
concurrent with the scenano would be a beyond extremely unlzkely event and does not require 
further evaluation 

Failures of the emergency plan mibgative feature (inadequate plan, one frequency bin 
reduction due to sensibility of evacuation and standardized gmdance) could result in additional 
IW exposure to mrborne radioactive matenals Smce the scenano was determined to be an 
extremely unlzkely event, falure of the emergency plan mitigative feature concurrent wth the 
scenano would be a beyond extremely unlzkely event and does not reqmre further evaluation 
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In all situahons discussed above, the followmg defense-in-depth features tend to mihgate 
or prevent the scenano but are not credited in the analysis 

Training (all receptors) The operator Training program is an addhonal preventwe 
feature that can potentially reduce the likellhood o f  mcorrect introducbon or 
placement o f  combustibles 

Automatic Sprinkler System (MOI and CW only) For fires in areas covered by the 
automatic sprinkler system, actuahon of the system can lead to scenano mbgaQon 
Sprvlkler response may occur for facility fires m the south waste storage areas 

Flow A l a d u e  Department Response (MOI and CW only) For fires m areas 
covered by the automatic sprinkler system, flow alarm transmttal to the Flre 
Dispatch Center can lead to s c e m o  mtlgabon due to Fire Department response 
Spnnkler response may occur for facility fires m the south waste storage areas 

Smoke Detectomire Department Reswnse N O 1  and CW onlvl For fires in areas 
covered bv smoke detectors. fire alarm transmittal to the Fm Dimatch Center can 
lead to scenano mitwation due to Fire Department response Smoke detecbon 
capabilitv w11 be able to detect facilitv fires in Buildmg 996 

Fire Phoneflire Department Response (MOI and CW only) Fire phone 
commmcabon to the Flre Dispatch Center can lead to scenario rmtrgabon due to 
Fire Department response There is a possibility that the fire WIU be naked by 
personnel but the most llkely scenano would not have personnel detecbon o f  the fire 

Training (IW only) The IW Training program is an addt~onal mhgabve feature 
that can reduce IW consequences as a redorcement of the emergency plan 
evacuabon guidance 

Water Gong AlardAutomatic Sprinkle= (IW only) For fires m areas covered by 
the automatic sprinkler system, water gong alarm actwabon may reduce IW 
consequences by prowdmg mdxahon o f  a fire to some facillty personnel Spnnkler 
response may occur for facility fires m the south waste storage areas 

Fire Phondocal  Fire Alarm (IW only) Fire phone use actwates local fire 
alarms and can reduce IW consequences by providmg indcahon o f  a fire to facility 
personnel Facility management may be lnformed by vanous alarms or the Fire 
Department or personnel may be aware of  the fire and use thefirephone 

In order to assure protection of  the MOI and the CW against fires that are larger than the 
analyzed six TRU waste drum fire. several o f  the defense-in-deDth features listed above wdl be 
credited (I e .  no longer only serve as defense-in-deDth features) for consequence mitwation of 
larger fires SDecificallv, the automatic sminkier svstem. the flow alarMire DeDartment 
rewonse, and. for protection against larger fires in the Building 996 storage areas, the smoke 
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which should be modeled wth Solubili& Class W and some of whch should be modeled wth 
Solubilitv Class Y It is conservatively assumed that the entire contamer mventory of the 
four crates is involved m the accident scenano ( I  e ,  DR = 1) 

Scenario Modeling Assumptions 4 crates, 12 grams, blended DCF, DR = 1 

Accident Conseauence 

The radiological dose consequences of facility fires mvolmg LLW contamers were 
ongmally assessed to be hzgh for both the MOI and the CW "hIs ylelded an uut~al nsk class for 
the scenano of Rtsk Class I for both receptors (unlzkely Grequency, high consequence) Based on 
Table 2. the radiological dose conseauences of unmitrgated facilitv fires were o n d l v  assessed 
to be moderate for the IW This welded an imtral nsk class for the scenano of h s k  Class I1 for 
the IW (unlikely freauencv, moderate conseauence) 

The analyzed dological  dose consequences of a facility fire mvolwng four wooden 
LLW crates are low (0 0048 rem) to the MOI and moderate (0 66 rem) to the CW The resulting 
nsk class for the scenano is h s k  Class I11 for the MOI (unlikely Grequency, low consequence) 
and h s k  Class 11 for the CW (unlikely frequency, moderate consequence) 

The IW located m the wcimty of the crate fire could have been senously burned as a 
result of the scenano but the IW would almost have to come mto close p r o ~ t y  of the bumng 
matenal to be senously mpacted The more ldcely mechatllsm for IW serious injw or death 
deals wth exposure of the IW to smoke leadmg to asphyxlaaon or to noxlous components of the 
smoke Thls scenano occurs m htgh ceilmg areas outside the facilities that would sigmkautly 
delay IW smoke related mpacts There is the potentral for the IW to rnhale d o a c t w e  matenal 
bemg carr~ed m the effluent from the fire (0 006 grams) but the IW would have to reman m the 
vicuuty of the fire or m the path of the effluent It would be relatrvely easy for the IW to vacate 
the area wth mmmum dose impact if the IW is not mcapacitated The radiological dose 
consequences for the IW are qualitatively judged to be low, consistent wth Table 2 for mitigated 
fires, due to (1) the low amount of radiological matenal that is released, (2) the mdicators of a 
fire (e g , smoke, flames) that mforms the IW of the event, and ( 3 )  the buldmg emergency plan 
that directs the IW to evacuate The resulting nsk class for the scenano is h s k  Class I11 for the 
- I W (unlikely frequency, low consequence) 

The IW located in the facility but away from the accident will not be exposed to the 
facility fire (no burn potential) unless the IW evacuation path is through the accident area This 
latter concern is unlikely to be realized due to the layout of the facility wth multiple exit paths 
from most areas A fire of this type is assumed to have suficient heat energy to set off the 
automatic sprinkler system in the West Dock Canopy waste storage area that would yield a 
water gong alarm to inform some complex personnel Personnel who become aware of the 
activation of the spnnkler system may make an announcement over the LSDWsystem or may 
utilize jire phones to result in a facilityfire alarm leading to evacuation of any facility IW 
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unaware of the event per the facility emergency plan The consequences for the irut~ally 
unaware IW are qualitatively judged to be low due to (1)the low amount of radiological 
matenal that is released, (2) the potential fire detectiodmouncement devices (e g , w t e r  gong 
alarms, fire phones) that wll  provide signals to alarm hchons ,  (3) the indicators of a fire 
(e g , fire alarms, W W )  that informs the IW of the event, and (4)  the budding emergency plan 
that directs the IW to evacuate No nsk class designation for the imtially unaware IW is 
provided 

Control Set AdeauacyNulnerabilitv 

Six preventwe features have been credited 111 thedetermmabon of the scenatro fkquency 
and six mhgative features have been credited in the scenano consequence determmabon The 
credited prevenbve features are 

the hardware control for an automatic sprinkler system m the West Dock Canopy 
Area (all receptors), 

the Admustratwe Control to prowde a combustible muterial control program [fire 
retardant wood on crates, fivefoot separabon between combushbles and waste 
contamers] (all receptors), 

the Admustratwe Control forjlammuble gas container speclficat~ons (all receptors), 

the A h s t r a t w e  Control for fire extinguisher placement and maintenance (MOI 
and cw), 
the Adrmmstrative Control to provide an ignition source control program 
[restrrcbons on smolung 111 the facility, hot work pemts, transport vehlcle engmes 
turned off when parked] (all receptors); and 

the Adrmntstratwe Control for electrical system maintenance to mamtam current fire 
frequency assumpbons (all receptors) 

The credited mbgative features are 

1 the Admustratwe Control of liners in wooden LL W crates (all receptors), 

2 the Admirustratwe Control of container radioactive material loading (all receptors), 

3 the Admirustrative Control for wooden waste container specificahom (all receptors), 

4 the Admimstrative Control to provide a combustible material control program [fire 
retardant wood on crates] (all receptors), 

5 the hardware control for an automatic sprinkler system in the West Dock Canopy 
Area (all receptors), and 

6 the Admirustrative Control of an emergencyplan (IW only) 

Failures of the preventive features are already assessed in or bounded by the scenano 
frequency determination event tree process and will not be addressed fiuther 
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zs4 

Falures of the container radwactive material Loading mibgabve feature (lugher MAR 
contsuners, one order of magmtude reducbon m fiquency, no change m scenano frequency bm) 
would result in addibonal MAR It would take almost 21 bmes the MAR to be involved m an 
accident scenano to yield a change in the MOI dose consequence bm assignment (from 
0 0048 rem to 0 1 rem) and even more MAR to change the CW consequence bm assignment 
(factor of about 38 to go from 0 66 rem to 25 rem) Thls equates to an average LLW crate 
inventory of over 63 grams m each of the four crates Inventory errors thls large are considered 
to be beyond extremely unlzkely events More likely errors of a factor of two or less do not 
change the scenano wnsequence bm assignment for any receptor Therefore, for h s  situabon, 
there is no change m s c e m o  nsk class due to frulure of the container radioactive materid 
lwding rmbgabve feature 

Falures of the wooden waste container and liners in wooden crates mbgabve features 
(contamer fire resistance; one fkquency bm reducbon due to standardization of waste contamers 
and waste container packagmg) would result m a hgher release e o n  It would take almost 
21 times the release to be involved m an accident scenano to yield a change m the MOI dose 
consequence bm assignment (from 0 0048 rem to 0 1 rem) and even more release to change the 
CW consequence bm assignment (factor of about 38 to go h m  0 66 rem to 25 rem) Wooden 
crates wthout h e r s  are assumed to have release fracbons that are one order of magmtude hgher 
than the confined matenal fire release h c t ~ o n s  (I e ,  5E-03 versus 5E-04) Degraded wooden 
crates wthout hers (I e ,  nearly unconfined matenal) would have release M o n s  that are two 
orders of magmtude hgher than the confined matenal release fiact~ons (ze, 5E-02 versus 
5E-04) Therefore, gross failures of the mitigatwe features would have to occur in order to lead 
to changes m the consequence bm assignments for the MOI and the CW Falures at that level, 
basically crates that are falling apart, are considered to be beyond extremeb unlzkeb events 
More llkely a few crates may not contam hers or a few crates may be damaged to the pomt that 
the h e r  can be dmctly exposed to fires Failures of tins type do not change the Consequence bm 
assignments for the receptors Therefore, for thls situabon, the nsk class for the CW becomes 
hsk Class111 (due to frequency reductson from mbgabve feature falure concucreflt wth 
scenano but wth no change to the consequence bm) and the nsk classes for the MOI and IW 
become fisk Class IV (due to frequency reducbon and mamtenance of the low consequence bm) 
due to filures of the wooden wmfe confainer and liners in wooden crates mibgabve features 

Failures of the combustrble material control mibgabve feature dealmg wth use of 
non-fire retardant wooden crates (greater fire propagabon potenbal, one fiequency bm reducbon 
due to standardizabon of waste contamers) would result in adabonal MAR It would take 
almost 21 times the MAR to be involved m an accident scenano to yield a change in the MOI 
dose consequence bm assignment (from 0 0048 rem to 0 1 rem) and even more MAR to change 
the CW consequence bin assignment (factor of about 38 to go from 0 66 rem to 25 rem) Thls 
equates to over 80 crates being involved in the fire that exceeds the Admimstrative Control limit 
of 50 crates in addtion to filing the crate fire retardant control The combination of these two 
events concurrent wth the accident scenano is considered to be a beyond extremely unlikely 
event More likely errors of a few crates wthout fire retardant wood do not change the scenano 
consequence bin assignment for any receptor Therefore, for this situabon, the nsk class for the 
CW becomes fisk Class I11 (due to frequency reduction from mitigative feature falure 
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0 W W  System (IW only) Ls/DW system use can reduce IW consequences by 
providing mdication of a fire to facility personnel Facility management may be 
informed by vanous alarms or the Fire Department or personnel may be aware of the 
fire and use the UZDWsystem 

In summary, the analyzed accident scenano ylelds Rsk Class I1 results for the CW and 
Rsk Class111 results for the MOI and the IW. Frulures of indwidual mibgabve features 
concurrent with the accident do not mcrease the nsk class of the s c e m o  for any receptor. For 
many cases, there is a nsk class reduction for the CW h m  k s k  Class II to ask Class 111 and for 
the MOI and the IW from h s k  Class 111 to Risk Class IV associated with the concurrent farlures 
scenano 

5.3.5 Facility Fire Scenario 4 - Major Wooden LLW Crate Facility Fire 

Th~s accident scenano is discussed below and is summanzed in Table 88 located at the 
end of Secbon 5 3, Facility Fire Scenario Accident AnaZyses Protectwe features idenbfied in the 
discussions that follow will be mdicated m bold &iwd text 

Accident S c e m o  

A facility fire is postulated to mpact up to fifty wooden LLW crates (HazardEnergy 
Source 4B) The facility fire may occur as a result of the presence of propane (HazardEnergy 
Source 5B), natural gas (HazardEnergy Source 5C9, transport vehicles (HmardEnergy 
Source 5H), or other combu&bles (HazardEnergy Source 13F) bemg igmted dunng the conduct 
of hot work, d m g  the receipt or shpment of crates, or by exposure to electrical system 
components (HazardEnergy Source5E) The facdity fire occurs m the West Dock Canopy 
Area The propane and natural gas hazards wll be addressed 111 more de td  in Secbon 5 7,  
Facility fiplosion Scenario Accident Analyses The facility fire is assumed to mbally mvolve 
combusbble matenals located m close proxhty to stored waste crates The wooden crates 
become mvolved m the fire and combust along with their contents that are assumed to be 
combustible The fire analysis assumes no fire suppression by the automatic sprinkler system 
due to fdure of the system The fire is lmted to fZly wooden crates due to a 50 wooden LLW 
crafe limit unposed on the Budding 991 Complex The fire is expected to last for more than 
30 minutes and is evaluated as a 30 minute release The fire is modeled as a confined matenal 
release due to the assumption that the wooden LLW crates have liners Due to the amount of 
heat energy associated wth h s  fire (I e ,  on the order of 50 MW), a lofted plume release of the 
radioactive matenal is assumed 

Scenario Modeling Assumptions fire, confined matenal, 30 minute duration, lofted 
plume 
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Matenal-At-hsk 

Up to fifty wooden crates contamng LLW are involved m the major k i l i ty  fire scenano 
It is assumed that there is one or more falures of the combustible mteriaf control program and 
combusbble matenals are placed w h n  five feet of a stack of wooden LLW crates Up to 
fifty crates are exposed to an unrmtigated ( I  e ,  automatic sprinkler system fals) wooden crate 
fire No more than fifty crates are mvolved due to a 50 wooden LL W crate limit for the 
complex Inherent m the BssunpQon that the scenano can be modeled as a confined matenal 
release is the combmed resistance of the wooden waste container and the liner inside the 
wooden LLW crute to fires of th~s type Based on General AssumpQonG2, no more than 
3 grams (WG Pu equvalent) of d o a c t w e  matenal w l l  be 111 a wooden LLW crate and th~s is 
imposed as a container radwuctive materid loading lmtabon A blended DCF of 3 07E+07 is 
used to conservatwely account for the popdabon& of wooden waste contamer I N S ,  some of 
- whch should be modeled with Solubility Class W@ 
Solubilitv Classy It is conservatwely assumed that the entne contamer mventory of the 
fifty crates is rnvolved 111 the accident scenano (I e ,  DR = 1) 

Scenario Modelzng Assumptions 50 crates, 150 grams, blended DCF, DR = 1 

Accident Consequence 

The rad~olo~cal  dose consequences of facility fires mvolvmg LLW contamers were 
ongmally assessed to be hzgh for both the MOI and the CW This yielded an mtial nsk class for 
the scenmo of Risk Class I for both receptors (unlzkeiy frequency, hzgh consequence). Based on 
Table 2. the radioloeical dose conseauences of unmrtuzated facilitv fires were onainallv assessed 
to be moderate for the IW Thls welded an inibal nsk class for the scenano of f i sk  Class II for 
the I W (unlikelv freauencv. moderate consequence) 

The analyzed rad~ological dose consequences of a facility fire involvrng fifty wooden 
LLW crates are low (0 0068 rem) to the MOI and low (0.24 rem) to the CW The resulfing nsk 
classes for the scenmo are h s k  ClassIV for both the MOI and the CW (extremely unlzkely 
frequency, low consequence) 

The IW located m the wcmty of the crate fire could have been senously burned as a 
result of the scenano but the IW would almost have to come into close proxlrmty of the bunvng 
matenal to be senously impacted The more likely mechanism for IW senous 111j~ry or death 
deals wth exposure of the IW to smoke leading to asphyxiation or to noNous components of the 
smoke Th~s scenano occurs in hgh ceiling areas outside the facilities that would sigruficantly 
delay IW smoke related impacts There is the potential for the IW to inhale doac t ive  matenal 
being carned in the effluent from the fire (0 075 grams) but the IW would have to remam in the 
vicinity of the fire or in the path of the effluent It would be relatively easy for the IW to vacate 
the area wth m i m u m  dose mpact if the IW is not incapacitated The radiological dose 
consequences for the IW are qualitatively judged to be low, consistent wth Table 2 for mibgated 
fires. due to (1) the low amount of radiological matenal that is released, (2) the mdicators of a 
fire (e g , smoke, flames) that informs the IW of the event, and (3) the buildmg emergency pfan 
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that directs the IW to evacuate The resulting nsk class for the Scenano is k s k  Class IV for the 
- I W (extremely unlikely frequency, low consequence) 

The IW located m the facility but away fkom the accident wll not be exposed to the 
facility fire (no burn potenbal) unless the IW evacuabon path is through the accident area 7’h1s 
latter concern is unlikely to be realized due to the layout of the facility wth multiple exit paths 
fiom most areas A fire of th~s type is assumed to have sufficient heat energy to set off the 
automatx fire suppression system m the West Dock Canopy waste storage area but the system 
fsllls m the scenano Any personnel who become aware of the fire due to dvect observabon of 
smoke or flames can utdizefirephones to result m a facilityfire alarm leadmg to evacuabon of 
any facility IW unaware of the event per the facility emergencyplan The consequences for the 
imhally unaware IW are qualitatwely judged to be low due to (1) the low amount of 
radiological matenal that is released, (2)the lmted potentd of fire dete&on/announcement 
devices (e g ,fire phones) that wd1 provide signals to alarm fhcbons, (3) the llrmted potenhal 
for mdicators of a fk (e g , f u e  alarms) that informs the IW of the event, (4) the lmted 
potential for fire effluent to migrate mto the facility, and ( 5 )  the bwldmg emergency plan that 
dlrects the fire-aware IW to evacuate No nsk class designabon for the imbally unaware IW is 
prowded 

Control Set AdeauacyNuinerability 

Six preventwe features have been credited m the deternumbon of the scenarto fkquency 
and five mitigatwe features have been crdted m the scenano consequence determination The 
credited preventwe features are 

the hardware control for an automatic sprinkler system m the West Dock Canopy 
Area (all receptors), 

the Admrntstrative Control to provide a combustible material control program [fire 
retardant wood on crates, fivefoot separabon between combushbles and waste 
contiuners] (all receptors), 

the Adrrrrmstrative Control forflammable gas container speclficabons (all receptors), 

the A b s t r a b v e  Control for fire extingubher placement and mamtenance (MOI 

the Admmstrahve Control to provide an ignition source control program 
[restrrctions on smokmg in the facility, hot work permits, transport vehlcle engines 
turned off when parked] (all receptors), and 

the Admimstrative Control for electrical system maintenance to mantam current fire 
frequency assumptions (all receptors) 

and cw), 

The credited mitigative features are 

1 the Admimstrative Control of liners in wooden LL W crates (all receptors), 

2 the Admimstrative Control of container radioactive material loadrng (all receptors), 

Revision 2 
September 1999 

288 
B991 Complex FSAR NSTR-011-98 Support I 



3 the Administrabve Control for wooden waste container specifications (all receptors), 

4 the Admimstrative Control to ensure a 50 wooden LLW crate limit for the complex 
(all receptors), and 

5 the Administrative Control o f  an emergency plan (IW only) 

Falures of  the preventive features are already assessed m or bounded by the scenano 
frequency determinabon event tree process and wll not be addressed M e r  

Falures o f  the container radioactive material loading mibgabve feature (hlgher MAR 
contzuners, one order o f  magmtude reducbon in frequency, no change m scenano fiequency bm) 
would result in addibonal MAR It would take almost 2 tunes the MAR to be mvolved m an 
accident scenmo to yield a change m the CW dose consequence bm assignment (from 0.24 rem 
to 0 5 rem) and even more MAR to change the MOI consequence bm assignment (factor of  about 
15 to go fiom 0 0068 rem to 0 1 rem) TIUS equates to an average LLW crate mventory o f  over 
6 grams m each of  the f i f t y  crates Inventory errors thts large are considered to be beyond 
extremely unlzkely events More llkely errors of  a factor o f  two or less m a llmited number of  
crates do not change the scenano consequence bm assignment for any receptor Therefore, for 
th~s situation, there is no change m scenano nsk class due to falure o f  the container radioactive 
material loading mbgatwe feature 

Falures of  the wooden waste container and liners in wooden crates mbgabve features 
(contamer fire resistance, one frequency bm redurnon due to standarhbon o f  waste contamers 
and waste contamer packagmg) would result m a hlgher release h c b o n  Smce the s c e m o  was 
d e t e m e d  to be an extremely unlrkely event, mnbmabon falures of the wooden waste 
container and liners in wooden crates mbgatwe features concurrent with the scenano would be 
a beyond extremely unlikely event and does not r e q m  further evaluabon 

Falures o f  the 50 wooden LLW crate limit mhgabve feature (addtional crates, one 
order of magmtude reduction m frequency, no change m scenano fiequency bin) would result m 
adhhonal MAR It would take almost 2 tunes the MAR to be mvolved m an accident scenano to 
yield a change in the CW dose consequence bm assignment (fiom 0 24 rem to 0 5 rem) and even 
more MAR to change the MOI consequence bin assignment (factor o f  about 15 to go from 
0 0068 rem to 0 1 rem) This equates to over 100 crates bemg mvolved in the fire Inventory 
errors this large are considered to be beyond extremely unlikely events More llkely errors o f  a 
few additional crates do not change the scenano consequence bin assignment for any receptor 
Therefore, for this situation, there is no change in scenmo nsk class due to failure of  the 
50 wooden LL W crate limit mitigative feature 

Failures of the emergency plan mitigative feature (inadequate plan, one frequency bin 
reduction due to sensibility o f  evacuation and standafdized guidance) could result in additional 
IW exposure to arborne radioactive matenals Since the scenano was determined to be an 
exfrerneZy unZikeZy event, failure of the emergency plan mitigative feature concurrent wth the 
scenario would be a beyond extreme& unlikely event and does not requre M e r  evaluation 
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In all situations discussed above, the followng defense-in-depth features tend to mitigate 
or prevent the scenano but are not credited in the analysis 

Trarning (all receptors) The operator Training program is an additional preventwe 
feature that can potentially reduce the llkelihood of  incorrect introduchon or 
placement o f  combustibles 

Flow AlardFire DeDartment Resuonse lMOI and CW only) For fires in areas 
covered by the automatic svnnkier svstem. flow alarm transm~ttal to the Fire 
DisDatch Center can lead to scenano mitieahon due to Fire DeDartment resvonse 
Sunnkler resmnse may occur in the West Dock C ~ O D Y  Area 

Fire Phon&ire Department Response (MOI and CW only) Fire phone 
cornmwcahon to the Fire Dispatch Center can lead to scenano mtigahon due to 
Fire Department response There is a possibility that the f3e wll  be nohced by 
personnel but the most llkely scenano would not have personnel detection o f  the fire 

Training (IW only) The IW Training program is an additional mitigatwe feature 
that can reduce IW consequences as a reinforcement of  the emergency plan 
evacuation gtudance 

Fire Phon&cal Fire Alarm (IW only) Fire phone use activates local fire 
alarms and can reduce IW consequences by providmg m&cahon of a fire to facility 
personnel There is a possibility that the fire wll  be noticed by personnel who wll 
use afire phone but the most lkely scenano would not have personnel detectron of 
the fire 

In order to assure urotecbon of the MOI and the CW aganst fires that are larger than the 
analyzed 50 wooden waste crate fire (e P . fire SDreadlng lnto Room 170 or non-lofted dume 
from slower burmng fire), thefZow alarMrre Department resDonse control wl l  be considered 
as a credited mitwatwe feature li e .  no lower only serve as defense-indeDth feature. see 
Feature F26 in Table 84) 

In summary, the analyzed accident scenano yields f i sk  Class IV results for the MOI, the 
CW, and the IW Falures o f  individual mitigatwe features concurrent wth the accident do not 
increase the nsk class of  the scenano for any receptor 

5.3.6 Facility Fire Scenano 5 - Medium TRU Waste Drum Transport Vehicle Facility 
Fire 

Ths section deleted based on evaluation provided 111 the Salt Stabilization Program 
Transportation Risk (Ref 35) report and in the Evaluation of Risk Associated with 
Transportation Activities within the Protected Area (Ref 36) 
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53.7 Facility Fire Scenano Assumptions, Features, Requirements 

In the evaluabon of facility fire scenanos, assumpborn, protectwe features, and 
rtquirements were idenbfied for prevention andor magabon of  the accidents l h s  mformaaon 
IS found m Secbon 4 3 6 2, Bounding Facility Fire Scenarios Determination, in Secbon 5 3 1 , 
Facility Fife Scenario Development and Selection, in Section 5 3 2, Facility Fire Scenario 1 - 
I MW TRU Waste Drum Facility Fire, in Section 5 3 3, Facility Fire Scenario 2 - 2 A4W TRU 
Waste Drum Facility Fire, m Section 5 3 4, Facility Fire Scenario 3 - Medium to Large Wooden 
LL W Crate Facility Fire, &d m Section 5 3 5, Facility Fire Scenario 4 - Mqor Wooden LL W 
Crate Facility Fire Table 84 presents a listlng of the general asmnpt~ons (coded by the letter 
“G”) made, assumpt~ons (coded by the letter “A”) made, the protective features (coded by the 
letter “F”) credited, and reqwrements (coded by the letter “R”) specified 111 the evaluabon of  
facility fire scenanos The scemos to whch each assumphon, feature, or reqmment applies 
are listed m the table along wth the mpact of  the assumpbon, feature, or reqmment 

LL W contamers contam no 

Table 84 Assumptions/Features/Requirements for Facility Fire Scenarios 

Facility Flre Scenano 3 

TRU waste contamers contam 
no more than 200 grams 
(WG Pu equivalent) m metal 
drums and 320 grams m metal 

equivalent) m metal drums and 
3 grams m wooden or metal 
boxes 

Facility Ftre Scenano 1 
Facility Fue Scenano 2 

Propane or other flammable B-FFIRE-3 
gas torches are unlikely to 
breach both the outer drum and 
the m e r  pipe component of a 
POC contamer without 
intentional flame dtrection 

P %- 

Sets the potcnhal MAR for many 
scenanos unpachng LLW contamers 
(3 grams for spills, punctures, and 
CntltXhty pomhal) 

Reduces the llkelhood of POC contamer 
failure fiom scenanos dealmg with 
flammable gas torch dlrect flame 
mpmgement breach of  the contamer by 
one frequency bm 

Container Radioactive Material 
Loading 

Sets the potentla1 MAR for many 
scenmos mpactmg waste contamers 
(200 grams for facility fires and 
contamer explosions, 320 grams for 
facility fms, spills, punctures, contamer 
explosions, and cr~t~cality potenhd) 

Container Radmactive Material 
Loading 
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F ASSUMPTION/€XEDITED FEATURE/REQWZEMENT 
Type B shippmg contamers 
cannot be breached by any 
external fues expected dunng 
operation, except direct flame 
unpmgement torch fires 

SCENARIO ASRMPTI0NfFEATURE.J 
CODE REQWREMM4T”TACT 

B-FFIRE- I Reduces the ldcellhood of Type B 
shippmg contamer falure from scenano 
dealmg with facility fires, other than 
direct flame unpmgement torch fires, to 
Beyond Extremely Unl&dy 

I o p e  B Sheping Container I 

- 
F20 

I I I 

F16 I POC contamers cannot be I B-FFIRE- 1 I Reduces the ldcelthood of POC contamel 

: fire scenanos due to use of flammable 
l gases by one frequency bm 

breached by any external fires 
expected dunng operahon, 
except direct flame 
lmpmgement torch fires 

OGce area fves are prevented 
fiom propagatmg to waste 
storage areas by a combmation 
of fire bamers and fue doors 

hlure from sccnanos dealmg with 
facility fm, other than direct flame 
unpmgement torch fires, to Beyond 
Extremely Unhkely 

POC Container 

B-FFRE- 1 

I I I 

F17 I Flammable gas contamers are I Facility Fire Scenano 1 I Reduces the Idcellhood of explosion or 

Facility Fue Scenano 1 
Facility Fre Scenario 2 

unlrkely to be breached dunng 
use 

Reduces the ilkellhood of metal waste 
contamer fire-induced lid loss associated 
with expected fires to Beyond Extremely 
Unlikely 

Metal Waste Conlarner 

Facility Fue Scenano 2 
Facility Fue Scenano 3 
Facility Fue Scenano 4 

Flammable Gas Container 

Reduces the Ilkehhood of fire 
propagation from the Office Area to 
waste storage areas by one frequency bm 

Oflie  Area to Waste Area Fire Doors 
I I I F21 I Fve extmguishers are available I Facility Fue Scenano 1 I Reduces the llkellhood of fire grawth 

- 
F22 

r 
and well mamtamed to allow 
personnel fire suppression 
actions 

Automatic spnnkler systems 
are located m all waste storage 
areas, except Buildmg 996, and 
m the Office Areas and are 
well mamtamed 

Metal waste contamer lids 
cannot be removed from the 
containers due to mternal 
overpressurize from exposure 
to expected fues 

Facility Fire Scenano 2 
Facility Fire Scenano 3 
Facility Flre Scenano 4 

B-FFIRE- 1 
Facility Flre Scenano I 
Facilitv Fire Scenario 2 
Facility Fre Scenano 3 
Facility Flre Scenano 4 

&om the small fires to m d u m  fires by 
one fiequency bm 

Fire Exthguhhers 

Reduces the Ilkellhood of fire growth 
from the medium fires to larger fires by 
one frequency bm 

Automatic Sprinkler Systems 

I I I I 
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Table 84 AssumptiondFeaturesRequirements for Facility Fire Scenarios 

r 

ASSUMPTION/ CREDITED 

- 
F26 

- - F27 

R2 Propane or other flammable B-FFIRE-3 Reduces the ldcellhood o f  Type B 
gases are prohibited from 
vaults while SNM is present 

shippmg contamer breaches associated 
with d m t  flame unprngement h m  
torches to Beyond Extremely Unlikely 

R3 Work controls are requlred to B-FFIRE- 1 Reduces the ldcellhood of metal waste 
ensure that waste contamer 
dlrect exposure to propane or 
other flammable gas flames is 
an extremely unlikely event 

contamer failure from scenanos dealmg 
with dlrect exposure to flammable gases 
( 1  e ,  torches) to Extremely Unlikely 

l?ZATURE/REQUIREMENT 
Metal waste contamer fires 
cannot propagate from 
contamer to contamer by 
exposure to expected fires 

- 
F26 

- - F27 

R2 Propane or other flammable B-FFIRE-3 Reduces the ldcellhood o f  Type B 
gases are prohibited from 
vaults while SNM is present 

shippmg contamer breaches associated 
with d m t  flame unprngement h m  
torches to Beyond Extremely Unlikely 

Wooden waste contamers 
prevent duect exposure of fires 

to contamer contents for 
expected fires 

Work controls are requlred to 
ensure that waste contamer 
dlrect exposure to propane or 
other flammable gas flames is 
an extremely unlikely event 

Actuation of the automatic 
sprinkler svstems will yield a 
flow alarm at the Fire Dispatch 
Center and will result m Fire 
Department reswnse 

B-FFIRE- 1 Reduces the ldcellhood of metal waste 
contamer failure from scenanos dealmg 
with dlrect exposure to flammable gases 
( 1  e ,  torches) to Extremely Unlikely 

Actuation of the smoke 
detection system will yield an 
alarm at the Fue Dimatch 
Center and will result m Flre 
Department remnse 

ASSUMP"ION/FEATURE/ 
REouiRENIENTIMPAcT 

Reduces the llkellhood of metal waste 
contamer fue contamer-tosontamer 
propagation associated with expected 
flres to Beyond Extremely Unlikely 

Metal W& Container 

SCENARIO 
CODE 

Facility Fire Scenano 1 
Facility Flre Scenano 2 

Facility Flre Scenano 3 
Facility Flre Scenano 4 

Facilitv Fire Scenano 2 
Facilitv Fire Scenano 4 

Facilitv Fire Scenano 2 

In combmation with wooden wmte crute 
liners, reduces the consequences h m  
LLW crate fves by two orders of 
magnitude 

Wooden Waste Conhziner 

Reduces the ConseQuences of flres larger 
than those analvzed in the safetv 
analysis 

Flow A I a d F i r e  Dwarhnent 
ResDonse 

Reduces the conseauences o f  firts h q  
than those analmed m the safety 
analysis m Buildme 996 waste contamer 
storage mas 

Smoke Detectoflire Demartment 
RSDOnSC 
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- 
# 

R8 

R8a 

R8b 

R12 

R15 

R16 

- 

Table 84 Assumpbons/Features/Requirements for Facility Fire Scenanos 

ASSUMPTION/ CREDITED 
FEATUREmEQUIREMENT 
A combustible matenal and 
ignitlon source control program 
shall be unplemented to make 
fires m areas contammg staged, 
stored, or m-process ( I  e ,  GEN 
activity) radioactive matenal 
unlikely events 

Elements of  combustible 
matenal control mclude 
0 high heat release rate 

combusbble matenal 
restrictions, 

0 no wooden crates m 
mternal waste storage 
mas, 

foot separation from waste 
contamers 

0 combustibles have five 

0 

Elements of ignitlon source 
control mclude 
0 restnctions on smokmg m 

0 hot work permits 

The Buildmg 991 Complex 
will develop an Emergency 
Plan for the fhcilihes m the 
complex 

facilities, 

0 

Electncal systems m the 
Buildmg 991 Complex are 
mamtamed sufficiently to 
prevent fires from hot shorts 
becommg anticipated events 

All wooden LLW crates stored 
m the Buildmg 991 Complex 
shall have hers 

Revision 2 
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SCENARIO 
CODE 

B-FFIRE-3 
Facility Fue Scenano 1 
Facility Fire Scenano 2 
Facility Fire Scenano 3 
Facility Fue Scenano 4 

Facility F m  Scenano 1 
Facility F m  Scenano 2 
Facility Fm Scenano 3 
Facility F m  Scenano 4 

Facility F m  Scenano 1 
Facility Fire Scenano 2 
Facility Fm Scenano 3 
Facility Fire Scenano 4 

Facility Fire Scenario 3 
Facility Fire Scenano 4 

ASsuMpTfON/FEATURE/ 
REQuIReMENTiMPACT 

Reduces the llkellhood of facility fires 
potentially unpactmg radioactive 
matenal to Unfikely 

Reduces the exposure of the IW to 
releases 

Emergency Plan 

Reduces the ldcellhood of fms from 
:lectncal system falures to unfrkely or 
mtremely unfzkely events 

Electrical System Mainienance 

[n combmation with wooden waste 
:onturner, reduces the consequences 
from LLW crate fires by two orders of 
nagnitude 

Wooden Waste Crate Liners 
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Table 84 Assumptions/Features/Requrrements for Facility Fire Scenarios 

# 
R17 

FMTURE/REQUiREMENT CODE REQUIREME"PACT 
No more than 50 wooden LLW 
crates may be stored III the 
West Dock Canopy waste 
storage area 

Facility Fire Scenano 4 Lunits the consequences from major 
LL W crate fires 

50 Wooden LL W Crate Lamit 
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5.4 SPILL SCENARIO ACCIDENT ANALYSES 

5.4.1 Spill Scenario Development and Selection 

Two bounding spill scenatlos were idenbfied in Section43 63, Boundzng SpzZZ 
Scenarzos Determination The first spill scenano, B-SPILL-I, involves the anticipated spill of a 
single waste contamer or a smgle pallet of waste contamers (for each of LLW and TRU waste 
contamers) The second, B-SPILL-2, involves the unZahZy spill (for each of LLW and TRU 
waste contamem) or an extremely unZzkeZy spill (for POC contamers) of an entire room or area of 
waste contamers andor POCs resultmg from facility structural falures Each of these bounding 
scenarios are further defined in the followmg discussions 

5.4.1.1 waste Contamer Dro~/Fall SDill Scenano DeveloDment and Selection 

Further evaluahon of h s  scenano is requlred to determme the boundmg waste contamer 
confgurahon ( e g ,  smgle contamer, pallet of contamers) or type of waste contamer 
(e  g , 55-gallon drum, TRUPACT I1 SWB, metal waste crate, wooden waste crate) that should be 
used for scenano evaluahon 

Spills fiom waste contamers can be caused by dropdfalls dunng movement &om msed 
forklift tmes, dropdfalls fiom upper hers of stacks due to stack mpacts, and fiom mpact by 
vehcles d m g  movement or whde bemg stored It IS assumed that drops or falls of &stances 
greater than fourfeet are necessary to cause damage to the contamer whereby a release of 
radioacbve matenal is possible Waste contamers stored in the Bmldmg991 Complex meet 
on-site transportahon reqwements (z e ,  the contamers either meet T p e A  speaficabons 
(qualified for a 4 foot drop) or are considered equlvalent to Type A contamers) For 55-gallon 
waste contamers, thls assumpbon unplies that drums bemg stacked on the h d  or fourth bers, or 
drums that are lmpacted and fall from the thlrd or fourth tiers, are suscepbble to breach resultmg 
in a radioactive release Wooden and metal waste crates are only stacked two hgh 111 the 
Bullding 991 Complex. The height of these waste contamers is appromately four feet, 
therefore, thls assumption unplies that these contamers are suscepbble to dropdfdls that could 
result in a radioachve release if they are being stacked on the second tier There are vanous 
locations wthm the complex where stachng of drums above the second her is permissible Thls 
includes Room 134 (4-hgh), Room 140/141 (3-high), Room 143 (3-h1gh), Room 151 (3-hgh), 
Room 166 (4-hgh), and Room 170 (4-hgh) Wooden and metal waste crates may be stacked 
2-hgh in vanous locabons throughout the facility For wooden waste crates thls w11 only occur 
outside under the covered West Dock Canopy Area Metal waste crates (TRUPACTII SWB 
containers and metal waste boxes) may be stored m any of the storage areas that are capable of 
accommodating them due to their size This wll normally be in locations such as Room 134, 
Room 140/14 1, Room 166, and Room I70 

It IS assumed that 100% of the contents of a waste container are avilable for release as a 
result of a droplfall of greater than 4 feet Thls is considered conservative smce th~s assumption 
implies that the top of the container is lost due to the impact of the waste contamer wth the hard 
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surface that allows the internal packaged matenal to release its radioactive matenal For the 
TRUPACTII SWB contamers and metal waste crates, th~s is considered a conservative 
assumption since they would be dropped or would fall fkom a height ofjust a little more than 
four feet In a drop/fall of a pallet o f  banded drums, it is assumed that one of the four drums is 
breached and would have all o f  its contents avadable for release (intended to bound breaches of  
mulhple drums wth lirmted content release from each) In the banded codigurabon the 
assumpbon is that one drum takes the full brunt of  the lmpact wth the hard surface wth the 
weight of  the other drums contnbutmg to the unpact forces on the drum A dropifall o f  
un-banded drums fkom a &stance greater than four feet could conceivably breach each o f  the 
contamers that drop/fall 

Wooden LLW crate 

Metal LLW crate 

Therefore, as shown m Table 90, the estimated effective MAR for the &ffcrent contamer 
configurat~ons that may be mvolved in a drop/fall is used to detemne the boundmg drop/fall 
s c e m o  to evaluate 

smgle 3 grams 3-s 

smgle 3 grams 3 grams 

I Table 90 Dropmall Spill Scenario Effective MAR 

Metal LLW dnun 
Metal LLW drum 
Metal LLW drum 

smgle 05grams 05grams 

osgrams pallet, 4 contamers, banded 2grams 
pallet, 4 contamers, un-banded 2grams 2grams 

TRU drum 
TRU drum 
TRU drum 

TRUPACT I1 SWB or smgle 
metal waste box I 

smgle 200 grams 200 grams 

pallet, 4 contamers, banded 800 grams 200 grams 

pallet, 4 contamers, un-banded 800 grams 800 grams 

I I 320grams 1 320grams 

Therefore, for the first spill scenano, the boundmg scenano requmng further evalmhon is 
The boundmg spill scenano that w11 be the drop/fall of  a pallet o f  un-banded TRU drums 

further analyzed is 

Spill Scenano 1 - TRU Waste Drums Drop/Fall: Tlvs spill involves the contents of  
four 55-gallon waste drums These drums are assumed to be breached due to impact wth 
a concrete surface from a drop/fall from a height greater than four feet The four drums 
are un-banded and on a pallet that is being stacked on the third tier or the stacked drums 
are impacted by matenal handling equipment and four drums fall from the third tier This 
scenano bounds other mechmsms for contamer breach due to the antrcrpated frequency 
of  the scenano and due to the effective MAR involved in this scenano 
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5.4.1.2 Facility Structural Fmlure SDill Scenano DeveloDment and Selection 

The second spill scenano mvolves the structural falure of the Buldmg 991 Complex 
tunnels (Corndor C) or the falure of the hallway (Room 153) floor where waste contamers are 
gomg to be stored (east-west mmng  hallway north of Room 140/141) Smce storage of waste 
containers in Corridor C is prohibited, the only structural falure scenano that needs to be 
further analyzed is falure of the hallway floor due to overloading Two cases have been carned 
forward from the hazard evaluabon boundmg scenano discussion The first case that needs to be 
evaluated is the unlikely scenano that damage to LLW or TRU waste contamers occurs when the 
floor collapses The second case rnvolved the extremely unZzkely scenano that damage to the 
POC contamers could occur when the hallway floor fals 

The first case is further bounded by the type of contamer stored m the hallway ( z  e ,  LLW 
or TRU waste 55-gallon drum) Smce the TRU waste contamer can have up to Zoograms 
WG Pu equvalent, versus 0 5 grams WG Pu equvalent for the LLW contamer, all scenarios 

involmg the TRU waste contamers bound the LLW contamers 

In the second case, testmg has shown that the POC contamers are not suscepbble to 
damage fiom 30 foot drops but may be suscepbble to damage from fall- debns of a concrete 
structure that could occur dmng buldmg collapse Structural falure of the hallway floor wlll 
result m a drop of approxlmately 10 feet but wll not subject the POC to any falling debns It can 
reasonably be expected that the POCs wll survive h s  drop without bemg breached based upon 
the testmg previously conducted Smce the POC contamers unll also not be subjected to f d m g  
debns dunng the hallway floor falure, it is expected that the POC unll not contain the 
momentum reqwed to result m a breach of the contamer Therefore, breachmg of the POC is 
considered a beyond extremely unlikely event and further analysis for this spdl scenano is not 
requred 

The boundmg spill scenano that wll be fiuther analyzed is 

Spill Scenano 2 - Facility Structural Failure Spill: "Ius scenano mvolves %gallon 
TRU waste drums being breached due to structural fmlure of the hallway where the waste 
contamers are stored Thls scenano bounds other mechamsms for facility structural 
falure caused spills due to the unlikely (based on TRU waste drums) frequencies 
associated wth the scenano 

5.4.2 Spill Scenano 1 - TRU Waste Drums Drop/Fall 

Th~s accident scenano is discussed below and IS summanzed in Table 92 located at the 
Protective features identified m the end of Section 5 4,  SpzZZ Scenario Accident Analyses 

discussions that follow wll be indicated in bold italzczzed text 
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Accident Scenano 

A spill is postulated to occur as a result of breachmg up to four 55-gallon TRU waste 
drums contamng ra&oachve matenal (HazardEnergy Source 4B). The breach of the drums 
may occur as a result of the drums bemg rased on a forklift (HazardEnergy Source 8 4  and 
falling fiom that posihon, or as a result of bemg stacked on the h d  or fourth her 
(HazardEnergy Source8C) and then being impacted by m a t e d  handling equpment 
(HazardEnergy Source 7 4  dunng operahons bemg conducted m the facility Upon mpact wth 
the hard surface, the drums are damaged and opened, and the waste packages m the dnuns are 
breached by the weight of the waste packages and the force of the impact This is considered a 
confined matenal release smce it is postulated the matenal is released upon lmpact and the 
packaging (drum and polyethylene bag) wl l  contam some of the matenal fiom bemg released to 
the atmosphere 

Due to staclung configurahons, th~s scenano is postulated to occur ~IL those areas where 
staclung above the second her may occur These areas mclude Room 134 (4-hgh), 
Room 140/141 (3-hgh), Room 143 (3-h1gh), Room 151 (3-hgh), Room 166 (4-hgh), or 
Room 170 (4-hgh) 

Scenario Modeling Assumptions spill, confined matenal, 10 mmute durahon, non-lofted 
plume 

Accident Freauencv 

The evaluated scenmo fkquency is anticpated since droppmg of waste contamers has 
occurred in the past Th~s is judged a conservahve applicafion of Site data as the majolrty of past 
events have been of relatively low energy, typically resultmg m the denting of containers, 
droppmg of contamers wth no loss of contamment, etc Waste contamers brought mto the 
BLuldmg 991 Complex must meet metal waste container specificahons ( I  e ,  on-site 
transportahon reqmments), therefore, actual breaches of contamers due to dropdfds are 
probably less ldcely than anticipated due to the strength of the waste contamers The analyzed 
scenano ldcelhood conservahvely rem- an anticpated event 

Scenario Modeling Assumptions antrcrpated event 

Matenal-At-fisk 

The evaluated MAR for this scenano is 800 grams (WG Pu eqcuvalent) Container 
radioactive materzal loading for the Budding 991 Complex allows up to 200 grams (WG Pu 
equivalent) to be contamed m each TRU drum brought mto the complex Dnuns meetmg metal 
waste container specifications ( I  e ,  on-site transportahon requirements) are assumed to 
wthstand a drop/falI from four feet or less wthout breachmg Therefore, drums stacked on the 
thrd or fourth tiers are susceptxble to breachmg if they are dropped or fall Up to four drums 
may be on a pallet when they are moved or stored in the facility This scenano assumes that an 
un-banded pallet of four TRU waste drums is either being lifted by a forklift truck to be stacked 
on the third or fourth tier and the pallet is dropped or that an un-banded pallet of TRU waste 
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drums stored on the third or fourth tier is accidentally impacted by matenal handling eqwpment 
and falls to the floor 

The DR for TRU waste drums is assumed to be 100% These assumptions result m an 
effective MAR o f  800 grams (4 drums x 200 gramddrum x 100%) for the evaluated scenano 

The analyzed scenano takes credit for banding o f  drums that are going to be stacked on 
the h r d  or fourth aer Thls reduces the effective MAR for this scenano to 200 grams Thls 
scenano assumes that the pallet dropdfalls in such a configurabon that one drum on the pallet is 
the first to unpact the hard surface and that the weight o f  the other three drums is borne by the 
drum that mpacts the floor. Th~s results in the release of the entm contents o f  the first drum to 
impact the hard surface These assumpt~ons are expected to bound breaches of mulhple drums 
wth l u t e d  content release from each drum 

The solubility class for thls scenano is conservatwely assumed to be Solubility Class W 

Scenario Modeling Assumptions 4 drums, aged WG Pu, 800 grams, Solubility Class W, 
DR=O25 

Accident Conseauences 

The dologica l  dose consequences of spills involving TRU waste containers were 
ongmally assessed to be high for both the MOI and CW smce the evaluated MAR was greater 
than 157 grams (WG Pu equvalent) l h s  yielded an mt~al nsk class for the scenario of R~sk 
Class I for both receptors (anticzpated frequency, high consequences) Based on Table 2. the 
radiological dose consequences of unmitigated spills were onginally assessed to be moderate for 
the IW This yielded an initial nsk class for the scenano of f i sk  Class I for the IW (antimated 
fiequencv. moderate consequence) 

The analyzed ra&ological dose consequences o f  the spill mvolvmg one 55-gallon TRU 
waste drum, talung cre&t for banding o f  waste contamers that are to be stacked above the 
second her, are low (0 023 rem) to the MOI and moderate (3.1 rem) to the CW The resultmg 
nsk class for the scenano is k s k  Class I11 for the MOI (untzczputed frequency, low 
consequences) and f i sk  Class I for the C W (antzczpated frequency, moderate consequences) 

For the IW located in the vicinity at the time o f  the event, the drop/fall of  55-gallon waste 
drums could hypothetically cause senous injury to those either dnving the forklift or s tanhg 
near the containers The ra&ological dose consequences o f  the IW are qualitahvely judged to be 
low, consistent wth Table 2 for mitigated s~i l ls ,  due to (1) the limited radiological matenal that I 
is released due to contazner radioactive material loading limits, (2)  the indicators of  an accident 
(I e ,  toppled drums, noise) that dorms the IW of the event, and (3) the building emergency 
plan and radiation protection guidance that directs the IW to evacuate These controls mitigate 
the consequences of the event to the IW The resultmg nsk class for this scenano IS f isk  Class 
I11 to the IW (antrczpated frequency, low consequences) 
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The IW located in the facility but away from the accident w11 not be exposed to the waste 
container drop/fall event (no injury potential) but could be exposed to a radiological release from 
the breached waste contamers There are no systems in the facility that wdl provlde warmng to 
the IW in the facility but away from the accident However, the mechmsms that are idenhfied 
for imtiahon of h s  event deal wth  the staclung of contamers or wth the impact wth stacked 
contamers by matenal handling eqwpment that reqwes personnel participation These 
personnel, unless incapacitated, wl l  be able to make an announcement over the Ls/2) W system 
leading to evacuabon, per the facility emergency plan, of any facility IW unaware of the event 
The consequences for the mt~ally unaware IW are qualitatwely judged to be low due to (1) the 
limited radiolog~cal matenal that is released due to container radioactive material loading 
limits, (2) the potential for announcements (I e ,  LMIFV) that mforms the IW of the event, and 
(3) the bwlduzg emergency plan that hrects the IW to evacuate. No nsk class designabon for 
the mtially unaware IW is provlded 

Control Set AdeuuacYNdnerability 

One preventwe feature has been credited m the determuhon of scenano fiequency and 
four mitigatwe features have been credited 111 d e t e m b o n  of scenano consequences 

The crd ted  preventive feature is 

1 the Admmstrative Control for metal waste container speclficat~ons (all receptors) 

The crehted nubgatwe features are 

1 the Admmstratwe Control of conturner radioactive material loading (all receptors), 

2 the Admmstrative Control for banding of pallets of drums located on the thud or 
fourth trers, 

3 the A b s t r a t w e  Control for radiutzon protection (IW only), and 

4 the A h s t r a t w e  Control for emergencypfan (IW only) 

Falure of the metal waste container preventwe feature (madequate contamer, one 
frequency bm reduchon) could increase the likelhood that a waste contamer breach could occur 
due to a drop/fdl event from a height less than four feet The ldcellhood of a breach due to a 
contamer drop/fall from less than four feet is considered a beyond extremely unZzkeZy event if the 
container specifications are met The less than 4 foot drop breach ldcelihood could increase to an 
anticipated event if the container is degraded A conservative unrzcrpated event likelihood is 
already considered for breaches of waste contamers stacked hgher than four feet If waste 
containers could be breached from drops/falls of less than four feet, the nsk class decreases to 
R x k  Class I1 for the CW due to the frequency bin reduction Therefore, for ths  situation, the 
nsk class for the CW becomes h s k  Class11 (due to frequency reduction and unchanged 
moderate consequence bin), the risk class for the MOI and the IW remains fisk Class I11 due to 
failure of the metal waste conturner preventive feature 
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Fsulure of the container radioactive material foading mfigatwe feature (underestimation 
of existing contamer inventory, one order of magmtude reduction m frequency, no change in 
scenano fiequency bin) would result in additional MAR It would take 4 3 times the MAR to be 
involved in an accident scenano to yield a change in the MOI dose consequence bm assignment 
(0 023 rem to 0 1 rem) and 8 tunes the MAR to change the CW dose consequence bin 
assignment (3 1 rem to 25 rem) Ths equates to a contamer mventory of 860 grams Inventory 
errors h s  large are considered to be beyond extremely unZzkeZy events More llkely errors of a 
factor of two or less do not change the scenano consequence bin assignment for any receptor 
Therefore, for this situatlon, there is no change in scenario nsk class due to failure of the 
container radioactive material loading mbgatwe feature 

Fmlure of the bundzng mhgahve feature (drums stacked in un-banded configurahon, one 
order of  magmtude reduchon m fiequency, no change m scenario fresuency bm) would result m 
addihonal MAR Without bandmg, drums bemg stacked on the thud or fourth hers, or those 
stacked on these hers, could al l  potenhally be involved m the drop/fall event Conservahvely, it 
is assumed that the entue contents of  the drums that are dropped or fall is avrulable for release 
Th~s makes the un-banded event a factor of four lugher m MAR (800 grams versus 200 grams) 
and mcreases the dose Consequences a factor of four (0 092 rem versus 0 023 rem for the MOI 
and 12 4 rem versus 3 1 rem for the CW) TIus mcrease m dose does not change the 
consequence bm assignment for either the MOI or the CW Therefore, falure of  the banding 
rmtlgative feature does mcrease the dose consequences but does not change the scenano nsk 
- class 

Frulures of the radiation protection or the emergency plan mhgahve features 
(inadequate response to radioactlve material spill, one fiequency bin reduction due to due to 
sensibility o f  evacuahon and standardlzed gudance) could result 111 adci~honal IW exposure to 
surbome radioactive matenals The IW scenano consequences may increase to moderate for th~s 
event resultmg m a f isk  Class11 scenano for the IW (unkkely frequency, moderate 
consequences) due to the hgher consequences associated with the longer durahon exposure 
Therefore, for h s  situaQon, the nsk class becomes f isk Class II for the IW due to the farlure of  
the raduztion protection or the emergency pfan ahgatwe feature concurrent wth the spill 

In the situations discussed above, the following defense-mdepth features tend to mtlgate 
or prevent the scenano but are not credited in the analysis 

Training (all receptors) The operator Training program is an additional preventive 
feature that can potentially reduce the likelihood of  the drop/fdl of stacked waste 
contamers 

Fiftered Exhaust Ventilatzon (MOI and CW only) For spills in ventilated areas 
(north waste storage areas), thejiltered exhaust ventilation systems o f  the facility can 
aid in scenano mitigation by filtering facility exhaust and reducing the radiological 
dose consequences of the CW and the MOI 
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Training (IW only) In addibon to the preventive features of the Training program 
idenhfied above, the IW Training program is an addibonal mibgative feature that can 
reduce IW consequences as a reinforcement of  the emergency plan evacuation 
gudance 

LUDW (IW only) Facilxty management or other personnel can ublize the UZDW 
system to reduce IW consequences by providing inhcatxon of a contamer spill to 
facility personnel 

In summary, the analyzed accident scenano yields Risk Class1 results to the CW and 
h s k  Class I11 results to the M01 and the IW Fiulures of mdxwdual preventive or magatwe 
features concurrent wth the accident do not mcrease the nsk class of the scenano for the MOI or 
the CW For faslure of the radiation protection or emergency pfan mbgatwe features, where 
the response by the IW to the radxoactwe spill is not correct, the risk class for the IW could 
mcrease to Risk Class II dependmg on the dose received by the IW In all other cases, failure of 
the mdimdual preventwe or mbgatxve fatures concurrent wth the accident do not mcrease the 
scenano IW nsk class It is not expected that fiulures of mhgabve features concurrent wth the 
accident wll  yield MOI doses ID excess of 5 rem or CW doses ID excess of 25 rem 

5.4.3 Spill Scenario 2 - Facility Structural Failure Spill 

Thls accident scenarxo is hscussed below and is summatrzed ID Table 93 located at the 
Protectwe features identified m the end of Secbon5.4, SpdZ Scenarzo Accident AnaZyses 

discussions that follow will be mdxcated m bold itakized text 

Accident Scenano 

A spxll is postulated to occur as a result of breachxng 55-gallon TRU waste drums 
contamng rdoactive material (HazardEnergy Source 4B) The breach of the drums occurs due 
to damage lncurred by the drums when the east-west m n g  hallway (Room 153) located north 
of Rooms 1401141 structurally fads (HaaruYEnergy Source 134 The structural fculure of the 
hallway occurs due to exceedmg the load carrying capacity of the hallway floor Upon xmpact 
w~th the hard suface, the drums are damaged and opened, and the waste packages m the drums 
are breached by the weight of the waste packages and the force of the mpact Th~s is considered 
a confined m a t e d  release smce it is postulated the matenal is released upon unpact and the 
packaging (drum and polyethylene bag) wlll contam some of the matenal from being released to 
the atmosphere 

The TRU waste drums wll be stacked (2 hgh) and one-deep along the south wall of the 
hallway Apprommately 104 drums may be stored in thls area 

Scenario Modeling Assumptions spill, confined matenal, 10 minute duration, non-lofted 
plume 

Revision 2 
September 1999 

308 
B991 Complex FSAR NSTR-01’-98 Support I 



Accident Freauencv 

The evaluated scenano frequency is unlikely smce structural fmlures of buldmgs are 
considered unlzkely events The evaluated scenmo assumes that the waste contamers brought 
into the complex meet metaf waste container specifications, therefore, actual breaches of the 
contamers due to structural mpact are reduced due to the strength of the contamer 

The hallway floor loadmg capacity of Buildrng 991 was evaluated u1 calculahon 
CALC-991-BS-000025 (Ref 37) and venfied to have the strength to support rachoactwe waste 
drums stacked two (2) hlgh at one side of the hallway and a forklift m m n g  parallel or 
perpendicular to the hallway The forklift load that was analyzed was larger than the exlstmg 
forklift now in use This allows the use of a larger forklift 111 the future should the need mse 
wthout updatmg the analysis A maxunum radioactwe waste drum load of 800pounds was 
assumed 111 the calculabon 

Based upon the above unlikely scenano that drums and operat~ons rn the hallway w111 
exceed the floor loadmg capacity of the hallway, the frequency of h s  scenar~o occunrng can be 
reduced to extremely unlikely 

Scenario Modeling Assumptions extremely unlzkely event 

Mated -  At-fisk 

The evaluated MAR for h s  scenano is the total mventory of TRU waste contamers that 
may be stored in the hallway, whlch is estunated at approxunately 100 drums Assurmng each 
drum contam the maxlfnum container radwuctive muterial loading (z e ,  200 grams WG Pu 
equvalent), then the total MAR would be 20,000 grams 

The number of waste contamers that could potentmlly be rnvolved 111 the accident could 
be the total mventory in the hallway (I e ,  approxunately 100 drums) Th~s IS considered a 
conservatwe assumpbon since the drums stored m the hallway wl l  be separated rn groupmgs of 
drums so as not to block doorways and other operungs Assurmng that all 100 drums are rn one 
location is a conservative assumpbon It is also considered conservatwe to assume that a total 
collapse of the floor occurs if the floor loading reqwements are exceeded A more llkely 
scenano would be that there is localized structural falure of the floor resultmg rn floor sagging 
and craclung but not tow collapse of the floor In the more likely scenano, none of the waste 
contamers stored in the hallway would be breached Therefore, there would be no MAR 
Assuming the worst case, the total number of drums that are involved III the accident is estmated 
to be the total inventory of drums m the hallway Of the total number of drums involved in the 
accident, it is conservatively assumed that 10% of these drums are damaged and breached to a 
point where a radioactive matenal release can occur If a contamer is breached, it is assumed that 
100% of the radioactive matenal m the contamer is avslllable for release Therefore, based upon 
these assumptions, the analyzed MAR for th~s scenano is 2,000 grams (100 drums x 
200 grams/drum x 10% DR x 100% matenal available for release) A blended DCF of 3 3E+07 
is used to conservatively account for the population= of waste contamer IDCs, some of wluch 
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should be modeled wth Solubility Class W and some of whch should be modeled wth 
Solubility Class Y 

Scenario Modeling Assumptions 100 drums, 20,000 grams, blended DCF, DR = 0 1 

Accident Conseauences 

The radiological dose consequences of facility collapse mduced spills involvmg 7'RU 
waste contamers were ongmally assessed to be hzgh for both the MOI and CW since the 
evaluated MAR was greater than 157 grams (WG Pu equvalent) 'RIIS yielded an mtial nsk 
class for the scenano o f  fisk Class I for both receptors (unlikely fiequency, high consequences) 
3ased on Table2. the radioloaical dose conseauences o f  unmitigated mills were onninallv 
assessed to be moderate for the IW l h s  vielded an imtial nsk class for the scenaflo of hsk 
Class I1 for the IW (unlzkelv freauencv, moderate conseauences) 

The analyzed n&ological dose consequences of  the facility collapse mduced spill 
lnvolving ten 55-gallon TRU waste drums are moderate (0 17 rem) to the MOI and moderate 
(24 rem) to the CW The resultmg nsk classes for the scenano are fisk Class I11 for both the 
MOI and the CW (extremely unlzkely frequency, moderate consequences) 

For the IW located 111 the vlcuuty at the tune of  the event, a floor collapse could cause 
senous mj~ry to those standmg on the floor at the tune of the collapse The mhological dose 
consequences to the IW that is 111 the wcmty, but not mcapacitated, by the fmled floor are 
qualitahvely judged to be low, consistent wth Table 2 for mtugted mills, due to 
indicators o f  the event (I e ,  floor craclung or saggmg pnor to total floor collapse) that i d o m  
the IW of the event, and (2) the bruldmg emergency plan and radiation protectwn gutdanm that 
directs the IW to evacuate The resultmg nsk class for h s  scenano is fisk Class N to the IW 
(extremely unlzkely fiequency, low consequence's) 

(1) the I 

The IW located m the facility but away fiom the accident wl l  not be exposed to the floor 
collapse event (no injury potential) but could be exposed to a ra&ological release fiom the 
breached waste contamers There are no systems m the facility that w11 provide warmng to the 
IW in the facility but away fiom the accident However, if personnel are rn the vicmty and are 
not incapacitated, they wll  be able to make an announcement over the LSDWsystem leadmg to 
evacuation, per the facility emergency plan, of any facility IW unaware of the event It is also 
expected that the event (total collapse of the floor) would damage the sprinkler lines attached to 
the ceiling of  the uhlity tunnel If  thls occurs afrow d a m  and water gong would be imtiated 
that would provide another means of  notifying the mt~ally unaware IW I f  a Ls/IDWsystem 
announcement, flow alarm, and/or water gong is uubated, it is expected that the initmlly 
unaware IW wdl evacuate the buildmg III accordance wth the budding emergencyplan No nsk 
class designation for the imtially unaware I W is provlded 

Control Set AdeauacvNulnerabilitv 

The postulated spill due to structural failure of  the hallway floor in the Building991 
Complex is considered to be an extremely unlikely event wth moderate consequences to the MOI 
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and CW, and an extremeZy unZikeZy event wth low consequences to the IW The nsk classes for 
the MOI and the CW are k s k  Class 111, whch is considered to be acceptable The nsk class for 
the IW is Rtsk Class IV, which is also considered to be acceptable 

One preventive feature has been credited in the determmaoon o f  scenatlo frequency and 
three mibgative features have been credited in deternumbon o f  scenaflo consequences 

The crelted preventwe feature is 

the A h s t r a t w e  Control for metal waste container specificat~ons (all recept0rs)The 
credited rmbgattve features are 

1 the Adrrrrmstratwe Control of container radioactive material loading (all receptors), 

2 the Adrrrrmstrabve Control for radiation protection (IW only), and 

3 the Adrmntstratwe Control for emergencyplan (IW only) 

Fatlure o f  the metal waste contamer preventwe feature (madequate contamer, one 
fiequency bm reduchon) would mcrease the ldcellhood that a waste contamer breach could occur 
due to a facility structural fatlure event Since the scenaflo was detemned to be an extremely 
unlikely event, fatlure of the metal waste container preventwe feature concurrent with the 
scenano would be a beyond extremei'y unlikely event and does not reqm further evaluation 

Fatlure o f  the container radroactive materzal loading mittgatwe feature (underestmaaon 
of exlstmg contamer mventory, one order o f  magnrtude redurnon in hquency, no change in 
scenano frequency bm) would result ~fl addibonal MAR It would take over 29 tunes the MAR 
to be mvolved m an accident scenano to yield a change in the MOI dose consequence bm 
assignment (0 17 rem to 5 rem) and 1 04 tunes the MAR to change the CW dose consequence 
bin assignment (24 rem to 25 rem) l k s  equates to an average TRU drum mventory o f  over 
208 grams m each o f  the 10 drums breached followmg the floor collapse Th~s mventory error is 
possible for one or two drums but is unZike& for 10 specdic drums involved m the spill event 
Since the scenano was d e t e m e d  to be an extremeh unZzkeZy event, fatlure o f  the container 
rudzoactiue material loading mhgatwe feature in 10 specific drums concurrent wth the scenaflo 
would be a beyond extreme& unllkely event and does not r e q m  fiuther evaluation 

Falures of  the radiation protection or the emergency plan mbgative features 
(inadequate response to radioactive m a t e d  spill, one frequency bin reducbon due to due to 
sensibility of evacuation and standardized guidance) could result in additional IW exposure to 
airborne radioactive matenals Since the scenano was determined to be an extremely unlikely 
event, farlure of  the radiatzon protectzon or emergency plan mtigative feature concurrent wth 
the scenano would be a beyond extremely unlikely event and does not requre fiuther evaluabon 
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In the situabons discussed above, the following defense-m-depth features tend to mibgate 
or prevent the scenatro but are not credited in the analysis 

0 Training (all receptors) The operator Training program is an addbonal preventive 
feature that can potentially reduce the likelihood that stacked waste contamers in the 
hallway exceed the floor loadmg capacity 

Filtered Ekhaust Ventilation (MOI and CW only) For spills m ventilated areas 
(north waste storage areas), thefiltered exhaust ventilahon systems o f  the facility can 
aid in scenano mbgabon by filtemg exhaust and reducmg the rad~olog~cal dose 
consequences of  the CW and the MOI 

Training (IW only) In addbon to the preventwe features o f  the Training program 
idenbfied above, the IW Training program is an addhonal mhgahve feature that can 
reduce IW consequences as a redorcement o f  the emeqency plan evacuabon 
guidance 

ULDW (IW only) Facility management or other personnel can ubllze the w%DW 
system to reduce IW consequences by providmg mdcabon of the floor collapse and 
subsequent d o a c b v e  matenal spill to facility personnel 

Flow AlamuZS%D W (IW only) Theflow alarm of the automahc suppression system 
could be mtiated due to damage to the sprvlkler system pipmg fiom the floor 
collapse that would nohfy the Flre Dispatch Center o f  the event Once rnformed by 
the Fire Department, facility management can ublm the W W  system to reduce 
I W consequences by providmg mdicabon o f  an event r e q m g  evacuabon 

0 Water Gong Alarm (IW only) Water gong alarm actwabon followmg breach o f  the 
fire suppression system pipmg fkom the floor collapse may reduce IW consequences 
by prowdmg mdcahon of  the event to some facility personnel 

In summary, the analyzed accident scenmo yields fisk Class I11 results to the MOI and 
the CW and fisk Class IV results to the IW Falures of mdmdual preventive or mtigatwe 
features concurrent wth the accident do not mcrease the nsk class o f  the scenano for any 
receptor It is not expected that fslllures of mitigative features concurrent wth the accident wl l  
yield MOI doses m excess o f  5 rem 

5.4 4 Spill Scenano Assumptions, Features, Requirements 

In the evaluation of the spill scenmos, assumpbons, protective features, and reqwrements 
were idenufied for prevention and/or mtigation of the accidents This information is found in 
Section 4 3 6 3,  Bounding Spill Scenarios Determination, and in Section 5 4, Spill Scenario 
Accidenf Analyses Table 91 presents a listing o f  the general assumptions (coded by the letter 
“G”) made, assumptions (coded by the letter “A”) made, the protective features (coded by the 
letter “F”) credited, and requirements (coded by the letter “R”) specified in the evaluation of  spill 
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scenanos The scenanos to whch each assumption, feature, or requrements applies are listed in 
the table along wth the unpact of the assumption, feature, or requrement 

A1  

A3 

A6 

A 19 

A20 

Table 91 AssumptionslFeaturesRequirernents for Spill Scenarios 

The CHEM, CON, GEN, 
MAMT, and SURV achvibes 
requve a very ltmited amount 
of  contamer movements 

Damagmg tunnel failure and 
floor loadmg failures are 
unlikdy events 

The CHEM, CON, GEN, 
MINT, RA, and SURV 
activibes perfom lunited 
operations with matenal 
handlmg equipment 

A drop/fall of  banded waste 
drums results m the equivalent 
release of material of  one waste 
contamer 

The floor loadmg capacity of  
the hallways is adequate to 
handle the expected loads 

A!%UMPTION/CREDlTED 

LLW contamers contam no 
more than 0 5 grams (WG PU 
equivalent) m metal drums and 
3 grams m wooden or metal 
boxes 

F E A T U p E N T  

TRU waste contamers contam 
no more than 200 grams 
(WG Pu equivalent) m metal 
drums and 320 grams m metal 
boxes 

A pallet o f  TRU waste drums 
contams no more than 4 drums 

Revision 2 
September 1999 

* 4,. scENz$RIo 
Y -  I -  

vi-* d _CODE 
Spill Scenano 1 

Spill Scenano 1 
Spill Scenano 2 

Spill Scenano 1 

Spill Scenano 1 

Spill Scenano 1 
Spill Scenano 2 

Spill Scenano 1 

Spill Scenano 1 

Spill Scenario 2 

Impactig LLW contamers 

Container Rad&active Material 
Loading 

Sets the potenbal MAR for the sccnano 
unpactlng TRU waste contamers 

Container Rad&active Material 
Loading 

Sets the potenbal MAR for the scenano 

Reduces the 1dceMd of some dvect 
mterachon scenanos dealmg wth 
contamer movements by one frequency 
bm 

Sets the Ilkelhood o f  some mtemal and 
external events 

Reduces the ldcellhood o f  some mdlrect 
mterachon scenanos dealmg with 
matenal handlmg equipment unpacts on 
other activity contamers by one 
kquency bm 

Sets the potential MAR for the scenano 
unpactmg banded waste drums 

Bandhg 

Reduces the frequency o f  the scenano 
dealmg with overloadmg the hallway 

floor to Extremely Unlikely 
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- 
R12 

- 
R19 

Table 91 AssumptionsflFeatures/Requirements for Spill Scenarios 

ASSmON/CREDITED 
FEATuRE/REouIREMENT 
Metal waste contamers are 
unlikely to be breached by non- 
forklift tme lmpacts from 
matenal handlmg equipment 
expected dunng operation 

Metal waste contamers cannot 
be breached by falls less than 
four feet 

Staclung of  Type B shippmg 
contamers is prohibited 

The Buildmg 99 1 Complex 
will develop an Emergency 
Plan for the facihtles m the 
complex 

Storage of waste contamers m 
Comdor C is prohibited 

Waste contamers stacked 
above the second tier will be 
banded 

The Buildmg 991 Complex 
will comply with Radiation 
Protection program guidance 

SCENARIO 

Spill Scenario 1 
Spill Scenano 2 

% _  CODE 

Spill Scenano 1 

Spill Scenano 1 

Spill scenario 1 
Spill Scenano 2 

Spill Scenano 2 

Spill Scenano 1 

SpiIl Scenano 1 
Spill Scenano 2 

ASSUMP"ION/FEATURE/ 
REQUIREMENTWPAC!" 

Reduces the ldcellhood o f  metal waste 
contamer failure from scenanos dealmg 
with dropped contamers by one 
frequency bm 

Metal Ware Contaher 

Reduces the llkehhood of metal waste 
contamer failure due to droppmg from 
less than four feet to Beyond Extremely 
Unlikely 

Metal Ware Container 

Reduces the Idcellhood of Type B 
shippmg contamer spills assoCiated with 
stack topplmg to Beyond Extremely 
Unliki) 

Reduces the exposure to the IW to 
releases 

Emergency plan 

Elmmated analysls of structural falure 
o f  the comdor and its potentlal lmpact 
on the MOI, CW, and IW 

Storage of Wmte Containers k 
Corridor C Ptohibited 

Reduces the effectwe MAR of the 
scenano due to a pallet of TRU waste 
contamer droppmg or fallmg from the 
thud or fourth tier of the stack 

Banding 

Reduces the exposure to the IW to 
releases 

Radiation Protection 
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I 5 5 PUNCTURE SCENARIO ACCIDENT ANALYSES 

5 5.1 Puncture Scenario Development and Selection 

Two boundmg puncture scenanos were identified in Section 4 3 6 4, Boundzng Puncture 
Scenurzos Determznutzon The first puncture scenano, B-PUNCT-1, involves the untzczputed 
puncture o f  a single LLW contamer (wooden LLW crate), the unlzkely puncture o f  a smgle TRU 
waste contamer or a single pallet o f  TRU waste contamers, and the extremely unllkely puncture 
of a single contamer (for each o f  Type B shpping and POC contamers) The second puncture 
scenano, B-PUNCT-2, mvolves the unlzkely puncture o f  an entm room or area of waste 
contamers resultmg from facility structural falures (for each o f  LLW and waste 
contamers), and mvolvmg the extremely unlzkely puncture o f  an entm room or area o f  POC 
contamers resultmg fiom facility structural falures 

B-PUNCT-1 mvolves the ~uncture of a LLW. TRU. POC. or T v ~ e  B S ~ I D D ~ ~ Z  contamer 
due to a forklift tme accident The POC contamer Duncture Dossibilitv is based on a finite 
element analvsis evaluabne the suscmhbilitv of the contamer to ~unctures bv forklift tmes or bv 
falling heaw obiects. according to NSTR-001-97 (Ref 38) The POC puncture possibilitv was 
carned over to a Tme B s h ~ p m e  contamer Dossibilitv due to a similantv in the robustness o f  the 
contamers 

The finite element analysis modeled the unDact o f  a 12,250 lb forklift traveline at 
10 mDh apamst a POC Actual forklifts currently used in Budding 991 weigh betweem 1/3d 
and 1 /4* o f  the analvzed weight and do not travel at meeds anvwhere near 10 mDh in the facility 
The forklift tme was modeled very conservatively, havinp a sauared-off end with sham comers 
and being made of an extremelv dense matenal Actual forklift tmes have blunt ends wthout 
sham comers and are made of steel wth a densitv about the same as that o f  the drum matenal 
The forklift tme was modeled impacting a POC that is lodged aeamt a nmd wall ( z  e . contamer 
can not move at impact) and the imDact was modeled as being a dead-center lmDact o f  the tme 
wth the DiDe comwnent m the POC contamer Actual POC and Tvpe B contamers are rarely m 
a configuration where they cannot move and forklift tine levels are rarely at a deadcenter level 
wth POC contamer internal DiDe commnents when the tines aDDroach a pallet o f  contamers for 
movement 

The results of the finite element analysis indicated that a 1Zinch DiDe comDonent in a 
POC contamer is able to stop the modeled tine and cause it to rebound but the pipe comDonent 
suffers minor teanng at the comers of the tine (realistic tines are not emected to tear the DiDe 
comDonent since sham comers on the tine do not exist) The 6-inch Dme component also 
stopped the modeled tine but the tine was able to penetrate the DiDe component An analysis of  
an off-center tine impact on a 6-inch m e  component did not result in teanne: of the m e  
comDonent but Dushed the piDe component off to the side in the paclung matenal 
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The ldcelihood o f  a forklift tme punctures o f  POC and Type B contamers were uutially 
considered to be extremelv unlikelv events 

Feature F11 indicates that the breach o f  Tvm B s h b i n a  confuiners bv forklift tine 
imwcts must be extrernelv unlikely events due to impact angle reauirements needed to 
lead to falure and due to SNM packaping 

Feature F 12 mdicates that the breach o f  POC containers by forklift m e  llllDacts must 
be extrernelv unlrkelv events due to mpact angle reaulrements needed to lead to 
falure and due to DIE commnent packamnq 

The low likellhood o f  the puncture events ~n.ma1-11~ focused on the likellhood of achlevmn the 
reaured conf imbon (2 e .  contamer agrnnst a ngld obiect. tme at correct height. tine at DIE 

comwnent center laterally) and c d h n g  the contamer robustness There was no considerahon 
o f  the forklift mass, s w d .  and usape m the inrtiallv fieq uency bm assipnment In ad&bon. there 
was no considerahon o f  forklift tine sha-pe Forklift tmes with tawred ends and sham comers are 
needed to yield the damage assessed in the fimte element analysis Forklift tmes m use m 
Building 991 are blunted or rounded to a d  in engaging Dallets It is considered to be a less llkely 
event bossibly bevond extremely unlrkely event) that a blunted or rounded forklift tme wll  be 
able to align wth the Dipe component to yield a ~ ~ n c t u r e  Rounded forklift tmes wll tend to 
move the ~ 1 - p  commnent and the forklift tine laterally Thls may yield scoring of the DIN 
component but should not yield a puncture based on the assessment of  an off-center tme lmpact 
[tine edge 0 5 inches off center) on the 6-inch DIE commnent Qscussed above 

As stated above. forklifts used in Bulldmg 991 are a factor o f  3 to 4 lower 111 mass than 
the firute element analyzed forklift The lower forklift mass would reduce the unmct of a forklift 
tine imDact. Drobablv faling to tear a 12-inch pipe commnent and Drovldmn less tear damage. i f  
any. to a 6-inch D ~ E  comwnent Also. as a forkllft aDDrOaCheS ~allets  o f  COntarnerS (DroviQnP; 
O D D O ~ ~ ~ I L ~ ~ Y  for nuncture). the swed o f  the forklift is much less than 10 mDh wth the 
correswndinp reducfion in contamer damage wtenhal 

Forklifts may travel at smeds near 10 mph dunng unloaded movements and could eo off 
course However, in h s  situahon. the tmes bemg onented amromatelv to vield a puncture 
event is considered to be a bevond extremely unlikelv event Along wth consideration o f  the 
onginal likelihood o f  aclueving the required configurabon, this is based on the followmg 
1 ) forklifts intentionally traveling at lugher meeds are amed down my or aisles or comdors. 2) it 
is unlikely that there would be contamers aganst a wall at the end of  a major msle or comdor 
lgenerally off to the sides of  asles or comdors), 3) forklifts veenng. off course would imDact 
containers that are not against ngid obiects (2 e .  would impact the sides o f  stacks). and 
4) forklifts traveling at lugher meeds would generally have the tines at a lower level than drum 
center 

Forklifts lirung UD to lift loads may inadvertently travel at higher stxeds due to operator 
error However. in this situation. the tines being onented atyromatelv to yield a puncture event 
IS also considered to be a bevond extremelv unlzkelv event Along. wth consideration of the 

Revision 2 
September 1999 

318 NSTR-O 1 1-98 
B991 Complex FSAR Support I 



original likelihood of achievinp the reamed configuiation, t h s  is based on the followncz 
1) forklifts do not intentionally travel at hgher smeds when limng UD for a lift. 2) the distance 
available for the forklift to accelerate to hwher sweds IS limited ( I  e .  stacks, lined UD in a 
manner to Dresent a w i d  obiect behlnd the first Dallet reauire forklift turninp off the asle or 
comdor to Dick UD a Dallet), and 3) forklifts lining UD for lifts w11 have the tines at a lower level 
than drum center 

In the case of TvDeB shiming containers. the confimmtion most likelv to Dresent a 
container wth a ngid obiect (e JZ . wall) behmd the contamer is found in the vault Forklifts are 
seldom used in contamer transfers from vaults, handcarts are generally used due to the limited 
area in the vault to omrate a lifting dewce Even if a forklift is used in the vault. the forklift 
would be unable to accelerate to hipher smeds to Dick UD contamers due to the limited mace 
avadable and the need for turns to Dick UD any millets Contamers beme removed from a 
trans~ort vehcle are not nenerallv m a confimhon wth contruners UD apamst npild oblects 
Therefore. the ldcelhood of a T v ~ e  B ShlDDing contamer beme: in the correct confieuration for a 
forklift tine ~uncture is considered to be a bevund extrernelv unlzkelv event 

For the above reasons. the Dunctures of POC contamers or TvDe B shitmine contamers 
are considered to be bevund extrernelv unlihlv events Scenmo conseauences from a D U ~ C ~ U R  
wll be evaluated for information pumoses but nsk class deternations w11 not be Derfonned 
due to the accident likelihood The puncture scemo, denved from B-PUNCT-1, to be further 
analyzed is 

Puncture Scenario 1 - LLW, TRU, POC, and Type B Container Punctures: Thls 
puncture scenanos mvolve the contents of either a LLW, TRU, POC, or TypeB 
contamer LLW and TRU waste contamers are assumed to be breached during movement 
operabons due to a forklift m e  puncture of the contamer The Dunctures of POC and 
T w e B  contamers w11 be evaluated to determine mtential conseauences but are not 
considered to be credible accident scenanos The wooden LLW crate puncture can occur 
in the West Dock Canopy Area (at the tune of lifhng for removal from storage or placmg 
rnto storage) and the TRU waste-contamer punctures can occur m all storage areas (at the I 
tune of removrng or placmg mto storage) or at the west or east dock (at the tune of lifiing 
for receipt of the contamer or follomg a matenal handling vehcle transfer of the 
contamer pnor to loading onto a transport vehc1e)- 

Further analysis of B-PUNCT-2 is required 
I 

B-PUNCT-2 involves TRU or POC 
contamers bemg breached due to structural fiulure of the hallway where the waste contamers are 
stored l b s  scenano is expected to yield similar results to Spill Scenano2 as discussed in 
Section 5 4 3, Spill Scenario 2 - Facility Structural Failure Spill Therefore, the controls 
specified in Spill Scenmo 2 are considered applicable to this scenano and no further analysis of 
B-PUNCT-2 is required for the follourlng reasons 

1 For LLW and TRU waste contamers the pnmary difference between the spill and 
puncture scenanos IS that in the spill scenano the drums wll be damaged due to 
structural failure of the floor, some of the damaged drums ~ 1 1 1  be breached, and a I 
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“confined matenal release” wll occur from the breached drums In the puncture 
scenano the drums wll be damaged due to the structural falure of the floor, some of 
the damaged drums wll  be punctured by sharp edges of the concrete or from the 
reinforcement bar in the concrete, and an “unconfined matenal release” wll  occur 
fiom the punctured drums The assumption is made that the number of drums 
breached m the spill scenano and the number of drums punctured in the puncture 
scenano wl l  be the same 

To detemne the bounding scenano to analyze ( z  e ,  spill or puncture), the imbal 
respmble source term for each of the scenanos can be analyzed The imtial 
respmble source term is detexmmed by mulbplymg the expected MAR for the 
contamers that may be involved in the mcident by the DR, by the ARF, and by the 
RF Table 94 shows the imtial respmble source term based upon a spill or puncture 
of one contamer is the same 

L 

Therefore, smce the number of drums mvolved m the event is the same, the mtial 
respmble source term is the same, the fiequency (extreme& unhkely) is the same, and 
the controls wll  be the same (both spills and punctures can be considered spills), 
further analysis of the puncture scenano for LLW and TRU waste contamers is not 
necessary 

TRU 55-gallon drum 

1 Contamer fissile mlltenal loading tu per Table 16 
2 RcferenceNSTR401-97 
3 Reference SARAH, Table 6-1 

2 In the spill scenano it was d e t e m e d  that breachmg of the POC due to a drop/fall 
event could be considered a beyond extremely unlzkely event smce the POC contamers 
had been shown to wthstand 30 foot drops and that structural falure of the hallway 
floor would result 111 a drop of approxunately 10 feet Further analysis of the POC 
contamers in the spill scenano mvolving structural failure of the hallway floor was 
considered to be unnecessary In Spill Scenano 2, it was also determined that the 
scenano frequency was considered to be an extremely unZzkely event due to the 
unlikely frequency that a metal waste contamer wll  be damaged plus the unlikely 
fiequency that the floor wll  collapse from overloading due to the loading the floor 
can wthstand and the weights of contamers at the Site Assuming the contamer 
weights for POC containers is equivalent to the weights of the TRU waste and LLW 

Revision 2 
9eDtember 1999 

320 
B99 I Complex FSAR NSTR-ol Support I 



drums (POC contamers will most llkely have a net weight much less than these 
contamers since they are not as densely packed and would have an increase in tare 
weight), it can be assumed that the frequency of a floor collapse due to overloading 
the floor with POC contamers is also an unlzkely event The POC containers are 
more resistant to damage than the metal waste contamers and it is considered an 
extremely unlzkely event that they wll  be damaged d m g  a structural failure of the 
hallway floor Therefore, based upon the unlzkely fiequency of the floor collapse and 
the extremely unlzkely frequency of POC damage, the ldcellhood of a POC puncture 
due to collapse of the hallway floor is considered a beyond extremely unlzkely event 
and no further analysis is reqmred 

In addbon, per NSTR-001-97 (Ref 38), it is mddcated that the POC is only I 
suscepbble to damage from an edge unpact of a concrete slab onto the side of a 
horizontal POC In order to breach a honzontal POC the fall speed would have to 
exceed 9 5 d s  The estunated fall speed for a collapse of the hallway floor 
(appromately 10 feet (3 meters) hgh) is 7 7 m/s, whch is less than the fall speed 
r e q m d  to breach the contamer 

5.5.2 Puncture Scenario 1 - LLW, TRU, POC, and Type B Container Punctures 

Thls accident scemo is dscussed below and is s u m m d  m Table 96 located at the 
end of Secbon 5 5 ,  Puncture Scenarzo Acczdent Analyses Protecbve fatures idenbfied in the 
discussions that follow wl l  be mdmted in bold ttaZicized text 

Accident Scenmo 

A rahoacbve matenal (HaZaraEnergy Source 4A or HaZardEnergy Source 4B) spill is 
postulated to occur as a result of punctunng a LLW or TRU waste contamer Conseauences for a 
postulated mncture of POC or T v ~ e  B shming; contamers will be determmed although the event 
is considered to be beyond extremelv unlzkelv The puncture of the contamer may occur as a 
result of the contamer bemg unpacted and punctured by m a t e d  handlmg eqwpment 
(HazardEnergy Source 7A) whle loadmg, unloadmg, andor transfemng the contamer from its 
receipt/shpment area to its storagdstagmg area. The puncture may occur m all storage/staging 
areas in the bmldmg as well as the dock areas dwng receiptlshpment operations The forklift 
error results in a puncture, by the forklift tines, of either one wooden LLW crate, one 
TRUPACT I1 SWB, one metal box, one TRU waste contamer, or-two adjacent drums (LLW or 
TRU waste) located on a pallet One POC contamer or one T m B  shiDDing contamer is 
evaluated as being Dunctured A fraction of the contents of the punctured waste contamer(s) is 
postulated to "flow" through the breach onto the groundfloor Therefore, thls puncture induced 
spill is analyzed as a contammated unconfined matenal release (for LLW and TRU waste 
containers) In accordance wth NSTR-00 1-97 and technical direction from the DOE, for POC 
containers, the recommended values to use for the ARF and RF are 2E-03 and 1E-02, 
respectively For the Type B shpping container the puncture induced spill is analyzed as powder 
using the RADIDOSE default ARF and RF values A ground-level (non-lofted) release of the 
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radioactive matenal is assumed The spill from the puncture IS a short durafion event and a 
minimum release (10 mutes)  is analyzed 

Four cases wl l  be evaluated for th~s scenano 

Case A mvolves the puncture o f  a wooden LLW crate, 

Case B mvolves the puncture o f  two adjacent TRU waste drums on a pallet Poundmg 
scenano for TRU waste contamers due to the MAR mvolved (400 grams for two TRU 
waste drums versus 320grams for a TRUPACTII SWB or metal waste box and 
200grams for a smgle TRU waste drum), the ARF, RF, DR, and fiequency of  
Occurrence are the same for each o f  the TRU waste contamers, therefore the potenbal 
MAR mvolved m the event is the decidmg factor), 

Case C mvolves the POC contamer, and 

Case D mvolves the Type B shppmg contamer 

Scenario Modeling Assumpiions 

Case A and Case B - spill due to puncture, unconfined matenal,lO m u t e  durabon, 
non-lofted plume 

Case C - spdl due to puncture, ARF o f  2E-03, RF of  1E-02, 10 m u t e  durabon, 
non-lofted plume 

Case D - spill due to puncture, powder, 10 m u t e  durafion, non-lofted plume 

Accident Freauencv 

The evaluated accident scenano is considered to be an unticzputed event for Case A, an 
unlikely event for Case B, and a bwond extremely unlikdy event for Case C and Case D The I 
likelihood of h s  scenano for the different cases is deked by a conhtion or assumpfion made m 
the analysis 

Feature F10 mhcates that metal waste container punctures by forklift tmes are 
considered to be unlrkely events due to contamer resistance and unpact angle 
reqwements 

Feature F11 indicates that Type B sh@pzng container punctures by forklift tines are 
considered to be extremely unhkely events due to contamer resistance and impact 
angle requirements 

Feature F 12 indicates that POC container punctures by forklift tmes are considered to 
be extremely unlrkely events due to container resistance and impact angle 
requlrements 
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Additional considerations beyond the Tvue B shiupina container and POC container 
features result In mnctures of these containers being beyond extremely unlikelv events. as 
discussed above 

Scenario Modeling Assumptions Case A - antzcipated event, Case €3 - unlikely event, 

I Case C and Case D - beyond extremely unlikely events 

Matenal-At-fisk 

The evaluated scenar~os assumed that 111 CaseA only a single wooden LLW crate was 
involved m the contamer puncture event Based on General Assumpbon G2, no more than 
3 grams (WGPu eqwvalent) wll  be 111 a wooden LLW crate For CaseB, two ad..acent TRU 
drums are mvolved m the contamer puncture event Based on General AssumpbonG4 and 
General Asswnpbon G5, no more than 200 grams (WG Pu equivalent) wl l  be m a TRU waste 
drum and two dnuns can be mpacted by forklift tmes for palletued drums For Case C, one 
POC contamer is considered to be mvolved UI the contamer puncture event Based on General 
Assumption G6 and General Assumpbon G7, no more than 1,255 grams (WG Pu equvalent) 
wll be in a POC contamer and only one POC contamer on a pallet wl l  be mpacted by a forklift 
tme puncture For Case D, only a smgle Type B shipping contamer is mvolved m the container 
puncture event Based on General Assumpbon G9, Type B contamers are assumed to contam no I 
more than 6,000 grams (WG Pu eqwvalent) o f  oxlde Solubility Class W is conservatwely 
assumed for the LLW, TRU, and POCs mvolved in the puncture event Solubility Class Y is 
assumed for the Type B shlppmg container that is punctured 

For a puncture of either a wooden LLW crate or a TRU drum, it i s  assumed that 10% o f  
the matenal m the waste contamer i s  avalable for release A matenal release fiom a puncture is 
evaluated as an unconfined matenal release (I e ,  ARF o f  1 OE-03, RJ? o f  1 OE+OO) These 
matenal release factors are considered conservatwe assumptions based on the mulbple layers o f  
plastic bags that would have to be damaged rn order to release any o f  the contents and the fact 
that a forklift tme would create a relatively small sized hole through these barners Tius 10% DR 
also accounts for potential differences m packagmg o f  the contamers (I e ,  some contamers may 
not be packaged wth ngid mtenor hers) 

The potential DR for POC contamers is discussed m NSTR-001-97- If  an mtenor I 
package is punctured, it is assumed that the POC topples over after the tme is removed, that the 
puncture hole is onented downward, and that the matenal pours out o f  the hole as if it is a fme 
powder Since the number of interior packages cannot be absolutely determined, it is assumed 
that the POC contatns only one intenor package Based upon these assumptions the DR for a 
puncture of a POC 1s conservatively estimated as 1 0 The NSTR also recommends that an ARF 
of  2E-03 and a RF o f  1E-02 (per DOE direction) be used for a puncture of a POC For the 
Type B shpping container it is assumed that the DR is 1 0 and that the default values specified in 
RADIDOSE for the AFR and RF are appropnate (1 e , ARF of 2 OE-03 and RF of  3 OE-01) 

Another consideration in the evaluation of POC punctures is the solubilitv class of the 
radioactive matenal The 1.255 grams (WG Pu eauivalent) is denved fiom an assumation of 
I6  grams of amencium and 199 grams of Dlutonium A multi~lier of 66 based on the ratio o f  the 
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DCF for amencium to the DCF for Solubility Class Y WG P u  is amlied to the amencium and 
that IS added to the plutonium content yielding a value of  1,255 mim s. WGPu eauivalent for 
Solubility Class Y matenal I f  the matenal is Solubilitv Class W. a more armomate multiplier 
IS 42 76 yielding a value o f  883 mam s, WG Pu eamvalent for Solubility Class W matenal 
Evaluatw Solubility Class W POC matenal usinp the 1.255 mam s (WG Pu eauvalent) value IS 

overly conservative It is more conservative ( I  e ,  yields about 9% higher conseauences) to 
evaluate a situation using 883 mam s o f  Solubility Class W matenal versus usinp; 1.255 arams of  
Solubility Class Y matenal in a POC Given that there are no restrtctions dealme: wth solubilitv 
class for POC matenal. a Solubility Class W assumubon wll be made to cover all atubons 

Scenario Modeling Assumptions 

Case A - 1 crate, 3 grams, aged WG PU, Solubility Class W, DR = 0 1 
Case B - 2 drums, 400 grams, aged WG Pu, Solubility Class W, DR = 0 1 

Case C - 1 POC contamer, 883 grams, WG Pu, Solubility Class W, DR = 1 0 I 
Case D - 1 Type B sluppmg contamer, 6,000 grams, aged WG Pu, Solubility Class Y , 
D R = l O  

Accident Consequences 

The radiologicd dose consequences of punctures involwng LLW contamers (z e ,  Case A) 
were ongmally assessed to be low for both the MOI and the CW. Thls yelded an mt~al nsk 
class for the scenano of  R s k  Class111 for both receptors (antrczpated frequency, low 
consequences) The radiological dose consequences o f  punctures mvolvmg TRU waste 
contamers ( I  e ,  Case B)  were ongmally assessed to be hzgh for both the MOI and the CW Th~s 
yielded an mtial nsk class for the scenano o f  Rwk Class I for both receptors (unbkely frequency, 
hzgh consequences) The radiological dose consequences of  punctures mvolvmg POC contamers 
( I  e ,  Case C )  and Type B shppmg contamers (I e ,  Case D )  were ongmally assessed to be high 
for both the MOI and the CW Th~s yielded uut~al nsk classes for the scenanos of k s k  Class I1 
for both receptors (extremely unlikely frequency, high consequences) Based on Table2, the 
radiological dose conseauences of unmitigated spills were ongmallv assessed to be moderate for 
the IW This yielded imtial nsk classes for the scenanos of Rsk Class I for the IW m Case A 
{antrcmared freauency. moderate conseauence). of h s k  Class I1 for the IW in Case B lunlrkely 
frequency, moderate consequence), and of  Rtsk Class I11 for the IW in Cases C and D (extremely 
unlrkelv freauency. moderate conseauence) 

Case A The analyzed radiological dose consequences for LLW contamer punctures, 
based on the effective MAR as discussed above, are low (3 4E-04 rem) for the MOI and low 
(0 047 rem) for the CW The resulting nsk classes for the scenano are k s k  Class I11 for both the 
MOI and the CW (antrczpated frequency, low consequences) 

CaseB The analyzed radiological dose consequences for TRU waste contamer 
punctures, based on the effective MAR as discussed above, are low (0 046 rem) for the MOI and 
moderate (6 2 rem) for the CW The resulting nsk class for the scenano is Rtsk Class I11 for the 
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- MOI (unlikely frequency, low consequences) and fisk Class I1 for the CW (unlzkeZy frequency, 
moderate consequences) 

Case C The analyzed radiological dose consequences for POC contamer punctures, 
based on the effectwe MAR as discussed above, are low (0 020 rem) for the MOI and moderate 

rem) for the CW The scenano is considered to be a beyond extremely unlzkelv event 

Case D The analyzed radiological dose consequences for Type B shppmg contamer 
punctures, based on the effective MAR as discussed above, are moderate (2.9 rem) for the MOI 
and hzgh (390 0 rem) for the CW The scenano is considered to be a bevond exfremelv unlzkelv 
event 

For the IW located m the vicmty at the tune of  the event, the puncture event could 
hypothetdly cause senous mj~ry to those either h v m g  the forklift or standing near the 
contamers The dolog~cal  dose consequences o f  the IW are qualitatwely judged to be low, 
consistent with Table 2 for mibaated smlls, due to (1) the lmuted radiological matenal that is 
released due to container radioactive material loading limts, (2) the mdicators o f  an accident 
(1 e ,  toppled drums, noise) that informs the IW o f  the event, and (3) the buldmg emergency 
plan and radiation protectwn gudance that directs the IW to evacuate These controls mbgate 
the consequences of the event to the IW The resultlng nsk class for Case A is h s k  Class I11 to 
the IW (anfzczpated fkquency, low consequences), for CaseB is h s k  Class111 to the IW 
(unlzkely fiequency, low consequences), and Case C and Case D are considered to be bevond 
extremely unhkelv events 

I 

The IW located m the facility but away fiom the accident wll not be exposed to the 
contamer puncture event (no mj~ry potential) but could be exposed to a ra&ological release fiom 
the breached contamers There are no systems III the facility that wdl prowde wmmg to the IW 
m the facility but away fiom the accident However, the m e c h s m s  that are identdied for 
mtiabon of  th~s event deal wth the movement of contamers by material handlmg equpment that 
requrres personnel parbcipabon. These personnel, unless mcapacitated, w11 be able to make an 
announcement over the W W s y s t e m  leadmg to evacuation, per the facility emergencyplan, o f  
any facility IW unaware o f  the event The consequences for the mbally unaware IW are 
qualitatively judged to be low due to (1) the lhuted radiological matenal that is released due to 
container radioactive material loading limits, (2)  the potential for announcements (I e , W W )  
that informs the IW of  the event, and (3)the bullding emergencyplan that directs the IW to 
evacuate No nsk class designation for the imtially unaware IW is provided 

Control Set AdeauacvNulnerabiIity 

Three preventive features have been credited in the determination of scenmo frequency 
and three mitigative features have been credited in determination of  scenmo consequences The 
credited preventive features are 

1 the Administrative Controi for metal waste container specifications (all receptors), 
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2 the Admimstratwe Control for TypeB shipping container specifications (all 
receptors), and 

3 the Admmstrative Control for POC container specificabons (all receptors) 

The credited magatwe fatures are 

1 the Admmstrative Control of container radioactive material loading (all receptors), 

2 the Administrative Control for radiatzon protection (IW only), and 

3 the Admhstratwe Control for emergencypfun (IW only) 

Falures of the metal waste container preventive feature (madequate contamer/packagmg 
combination, one fiequency bm reducaon) could result m some forklift tine-mduced contamer 
puncture events (related to F10) becommg untzczputed events The accident scenano ldcellhood 
correspondmg to these situations is as follows (note assumpt~ons, features, or requirements that 
are shown wth a lme through the code lndicate the faded protectwe feature). 

unlzkely scenano m e c h s m  FlOw] becomes W [ A ]  & feature fadurelu] yieldmg 
an unlikely event 

Therefore, there is no change m scenmo nsk class for CaseB due to a farlure of  the 
metal waste contaker preventwe feature 

Falure-of the container radzoactive material loading ahgatwe feature (underestmabon 
of exlsting contamer mventory, one order of magmtude reduchon m frequency, no change m 
scenano frequency bm) would result m addhonal MAR For CaseA it would take over 
294 times the MAR to be mvolved m the accident scenano to yield a change 111 the MOI dose 
consequence bm assignment (from 3 4E-04 rem to 0 1 rem) and over 10 tunes the MAR to 
change the CW dose consequence bin assignment (from 0 047 rem to 0 5 rem) This equates to a 
LLW crate mventory of over 30 grams For Case B it would take over 2 1 tunes the MAR to be 
involved in an accident scenano to yield a change m the MOI dose consequence bm assignment 
(from 0 046 rem to 0 1 rem) and over 4 tunes the MAR to change the CW dose consequence bm 
assignment (from 6 2 rem to 25 rem) l h s  equates to an average TRU waste drum mventory o f  
over 420 grams m each o f  the two drums For Case C it would take 
involved in an accident scenano to yield a change in the MOI dose consequence bin assignment 
(from 0 02 rem to 0 1 rem) and over 9 tunes the MAR to change the CW dose consequence bin 
assignment (&om 27 rem to 25 rem) T h s  equates to a POC contamer mventory o f  over 
4,415 grams (WG Pu equivalent) - Therefore, for th~s situation, there is no change in scenano 
risk class for CasesA and B due to falure of the container radioactive materiul loading 
mitigative feature 

times the MAFt to be I 

For Case D it takes 1 7 times the MAR to be involved in an accident scenano to yield a 
change in the MOI dose consequence bin assignment (from 2 9 rem to 5 0 rem) This equates to 
a Type B shpping container inventory o f  over 10,400 grams - I 
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Falures o f  the radiation protection or the emergency plan mibgative features 
(inadequate response to contamer puncture, one frequency bin reduction due to sensibility of  
evacuation and standardized gudance) could result in additional 1W exposure to zurborne 
radioactive matenals The IW scenano consequences are assumed to remin low even wth 
falures of  these mibgatwe features resultmg 111 a k s k  Class I11 scenano for the IW (unlikely 
frequency, low consequences) for Case A and a R s k  Class IV scenano for the IW (extremely 
unlikely frequency, low consequences) for Case B Since the scenano was determined to be a 
beyond extremely unlikely event for Case C and Case D, filure o f  the radiation protection or 
emergency pfan rmbgative feature concurrent with the scenario does not reqwre further 
evaluation Therefore, for &IS situat~on, the nsk class remains the same for CaseA w s k  
Class 111) and in Case E3 there is a nsk class reduction to R s k  Class IV for the IW due to the 
falure of  the radiation protection or the emergency plan mitigatwe feature concurrent wth the 
puncture o f  a LLW crate 

I 

In the situat~ons cllscussed above, the followmg defense-m-depth features tend to mhgate 
or'prevent the s c e m o  but are not credted in the analysis 

Training (all receptors) The operator Training program is an additional preventwe 
feature that can potentdly reduce the likellhood of  the puncture of contamers 

Filtered hkhaust Ventifation (MOI and CW only) For punctures 111 ventdated areas 
(north waste storage areas), thefiltered exhaust ventilation systems o f  the facility can 
md m scenano nubgabon by filtemg exhaust and reducmg the d o l o g c a l  dose 
consequences o f  the CW and the MOI 

Training (IW only) In addition to the preventwe features o f  the Training program 
idenhfied above, the IW Training program is an addibonal mhgatwe feature that can 
reduce IW consequences as a remforcement o f  the emergency plan evacuabon 
gurdance I 

W W  (IW only) Facility management or other personnel can utilize the W W  , 
system to reduce IW consequences by prowding indication of  a contamer puncture to 
facility personnel 

In summary, the analyzed accident scenano yields k s k  Class I11 or h s k  Class IV results 
to all receptors except for the CW m Case B, whch yields a fisk Class I1 result Falures o f  
individual preventive or mihgative features concurrent wth the accident do not increase the nsk 
class of  the scenano for the MOI or the CW -In all cases, falure o f  the individual preventive or I 
mitigatwe features concurrent wth the accident does not increase the scenano IW nsk class It is 
not expected that falures of rnitigahve features concurrent wth the accident will yield MOI 
doses in excess o f  5 rem or CW doses in excess of  25 rem I 
5 5 3 Puncture Scenario Assumptions, Features, Requirements 

In the evaluation of  the puncture scenanos, assumptions, protective features, and 
requirements were identified for prevention and/or mitigation of  the accidents This information 
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is found in Section 4 3 6 4,  Bounding Puncture Scenarios Determination, and in Section 5 5 ,  
Puncture Scenario Accident AnaZyses Table 95 presents a listmg of  the general assumptions 
(coded by the letter “G”) made, assumptions (coded by the letter “A”) made, the protective 
features (coded by the letter ‘‘P) credited, and reqwements (coded by the letter “R”) specified in 
the evaluation of puncture scenanos The scenanos to whch each assumption, feature, or 
requirements applies are listed m the table along wth the mpact o f  the assumption, feature, or 
requrement 

Table 95 AssumptiondFeaturesLRequirernents for Puncture Scenarios 

LLW contamers contiun no I Puncture Scenano 1 
more than 0 5 grams (WG Pu 
equivalent) m metal drums and 
3 grams m wooden or metal 
boxes 

TRU waste contamers contam 
no more than 200 grams 
(WG Pu equivalent) m metal 
drums and 320 grams m metal 
boxes 

A pallet o f  TRU waste drums 
contams no more than 4 drums 
and only 2 drums can be 
unpacted by forklift tmes 

Puncture Scenano 1 
Spdl Scenano 2 

Puncture Scenano 1 

POC contamers contam no 
more than 1,255 grams 
(WG Pu equivalent) and 200 
grams (fissile equivalent) m 
metal drums 

A pallet o f  POC drums 
contams no more than 4 drums 
and only 1 drum can be 
mpacted by forklift tmes 

Puncture Scenano 1 

Puncture Scenano 1 

Type B containers cannot be 
mpacted by activities other 
than the SNM and SURV 
activities due to thelr storage 
location and safeguards 
restrictions 

I Puncture Scenano 1 

I 

Sets the potenhal MAR for the scenano 
unpactlng LLW contamers 

Container Radioactive Material 
Loading 

Sets the potential MAR for the scenario 
lmpactmg TRU waste contamers 

Contamer Radioactive Material 
Loading 

Sets the potential MAR for the scenano 

Sets the potenhal MAR for the scenano 
unpactrng POCs 

Container Radmauive Material 
Loadmg 

Sets the potential MAR for the scenano 

Defines the potential mteractions and 
:orresponding types o f  contamers for the 
scenario 

SNM Only Staged UI Vaults 
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Table 95 Assumptions/Features/Requirements for Puncture Scenarios 

I I ASSUMPlXON/CREDITED 1 SCENARIO I ASSUMPTIONIFEATURE/ 1 
# (FEATURE/REQUIREMENT 
G9 I Type B contamers are assumed 

I REQUIREMENTIMPACT CODE 
Puncture Scenario 1 I Sets the potential MAR for the scenano 

~~ 

kcontam no more than 6,000 
grams (WG Pu equivalent) or 
oxide 

A1 

A3 

A6 

A20 

A2 1 

unpactmg Type B shippmg contamers 
No control is associated with this 
assumDtion smce the actual auantitv of  
matenal m a Tvue B container may be 
classified This assumDtron is consistent 
with other safety analv ses at the Site 

The CHEM, CON, GEN, 
MAMT, and SURV activibes 
requue a very lunited amount 
of  contamer movements 

Damagmg tunnel failure and 
floor loadmg falures are 
unlikely events 

The CHEM, CON, GEN, 
MAINT, RA, and SURV 
actwities perform lunited 
operations with matenal 
handlmg equipment 

The floor loadmg capacity of  
the hallways is adequate to 
handle the expected loads 

The number of  drums breached 
due to structural falure of  the 
hallway floor is the same m the 
spill and puncture scenanos 

Puncture Scenano 1 

Puncture Scenano 1 
Spill Scenano 2 

Puncture Scenano 1 

Spill Scenario 2 

B-PUNCT-2 

Reduces the llkellhood o f  some dmct 
mteraction scenanos dealmg with 
contamer movements by one frequency 
bm 

Sets the Ilkellhood of  some mternal and 
external events 

Reduces the ldcellhood of  some m d m t  
mteractlon scenanos dealmg with 
matenal handlmg equipment unpacts on 
other actlvity contamers by one 
frequency bm 

Reduces the frequency of  the scenano 
dealmg with overloadmg the hallway 

floor to Exhemely Unlikely 

Defines the number of drums for the 
scenano so that one analysis can be used 
to address both scenanos 

1 

F3 Metal waste contamers are 
unlikely to be breached by non- 
forklift tme unpacts from 
matenal handlmg equipment 
expected durmg operation 

F7 POC contamers are u d z k &  to 
be breached by structural 
member unpacts due to unpact 
angle requirements and weight 
needed to lead to failure 
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Reduces the Ilkellhood of metal waste 
contamer failure from scenanos dealmg 
with dropped contamers by one 
frequency bm 

Metal Wmte Container 

Reduces the likelhood of  POC contamer 
failure scenarios dealmg with structural 
members impactmg containers by one 
frequency bin 

POC Container 
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- 
R12 The Buildmg 99 1 Complex 

will develop an Emergency 
Plan for the facilihes m the 
complex 

Storage of waste contamers m 
- 
R19 

Puncture Scenano 1 
Spill Scenano 2 

Spill Scenano 2 

Table 95 Assumptions/Features/Requrrements for Puncture Scenarios 

Metal waste contamers are 
unlikely to be breached by 
forklift m e  unpacts due to 
lmpact angle requlrements 
needed to lead to farlure and 
waste packagmg 

Type B shippmg contamers are 
extremely unlikely to be 
breached by forklift tme 
unpacts due to mpact angle 
requlremcnts needed to lead to 
fallure and SNM packaging 

POCs are extremely unlikely to 
be breached by forklift m e  
unpacts due to unpact angle 
requlrements needed to lead to 
failure and SNM packagmg 

SCENARIO 
CODE 

Puncture Scenano 1 

Puncture Scenano 1 

Puncture Scenano 1 

The Buildmg 991 Complex 
will comply with Radiation 
Protection program guidance 

Puncture Scenano 1 
Spill Scenano 2 

, ASSUMPTIOlWFEA?? 

Reduces the Ilkelhood of TRU and low- 
level waste contamer frulure dealmg 
with forklift tmes unpactmg contamers 
by one frequency bm 

REQUIREMENT*Arn 

Metal Waste Container 

Reduces the likelihood of Type B 
shipplng contamer fadure d&g with 
f o M  tmes mpachng contamers by 
two fkqucncy bins 

Dpe B Shipping Container 

Reduces the Ilkellhood o f  POC fiulure 
dealmg with forkhft tlnes mpacbng 
contamers by two fhquency bms 

POC Container 

Reduces the wrposure to the IW to 
releases 

Emugarcy Plan 

Ellmmated analysis o f  st~~ctural failure 
o f  the comdor and its potenhal lmpact 
on the MOI, CW, and IW 

Swage of Wm:e Containers in 
Corridor C Prohibited 

Reduces the exposure to the IW to 
releases 

Radiation Protection 
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5.6 CONTAINER EXPLOSION SCENARIO ACCIDENT ANALYSES 

5.6.1 Container Explosion Scenario Development and Selection 

One bounding contamer explosion scenano was idenbfied in Section 4 3 6 5, Bounding 
Container Exploszon Scenarios Determinafzon The scenano, B-CEXPLO- 1, involves the 
extremely unlzkely internal hydrogen explosion of a metal TRU waste contamer due to the 
accumulabon of hydrogen wthm the contamer 

The SARAH (Ref 8) speclfically addresses contamer overpressunzabon due to mtemal 
hydrogen explosions Based on rndustry tests cited m the SARAH, drum lids wl l  separate from 
the dnun if drum fiee volume gases contammg greater than 15% hydrogen and 7 5% oxygen, by 
volume, are igmted Aqueous sludge waste contamers at the Site have been sampled and found 
to contam as much as 14 5% hydrogen and sufficient oxygen to completely burn the hydrogen 

A typical waste container mtenor is expected to contain most of the gases in the contamer 
head space above the solid matenals found 111 the contamer Polyethylene bags surroundmg the 
solid matenals may have detmorated but would lrkely prowde some protecbon from the 
explosion of the head space gases Whde some gases may occupy spaces wthm the solid 
matenal, the majonty of gases mvolved m the explosion are assumed to be located 111 the head 
space area of the contamer Most of the force of any explosion that occurs unll be m the 
direcbon of the separated lid and away from the solid materid m the contamer Therefore, only a 
fracbon of the solid matmal rn the contamer would be subjected to the overpressure transient m 
a manner that would lead to a release As stated earlier in the Hydrogen Generabon m Metal 
Waste Contamers sub-secbon of Section 4 1 1 1, Other Hazards (HazadEnergy Source 13), a 
concurrent f i e  mvohng the waste contamer contents is judged not to occur followmg the 
overpressmbon and lid loss due to the rapilty and low energy of the excursion (Ref 3 1) 

There is no need for identificahon of vanabons of the boundmg contamer explosion 
scenario due to the specificity of the accident Therefore, the contamer explosion scenarro to be 
analyzed is 

Container Explosion Scenano 1 - TRU Waste Box Container Explosion Th.~s 
contamer explosion involves the contents of one TRU waste box The box is assumed to 
have accumulated hydrogen fiom radioacbve matenal content radiolysis processes and 
igmhon mechamsms for the accumulated hydrogen are prevalent and uncontrollable The 
contamer hydrogen explosion results m the loss of the waste contamer lid and release of 
some of the radioactive matenal contents of the contamer The largest inventory TRU 
waste contamer is assumed 111 the analysis ( I  e ,  a TRU metal waste box or TRUPACT I1 
SWB contsumng up to 320 grams, WG Pu equvalent) The contamer hydrogen explosion 
can occur throughout the Buldmg 991 Complex where TRU waste contamers are 
handled or stored The event can occur at the west dock and Room 170, and the east 
clock, m any of the waste storage areas, or in hallways used for waste container transit 
between the docks and the waste storage areas 

Revision 2 
September, 1999 

335 I NSTR-O 1 1-98 
B991 Complex FSAR Supporc 



5.6.2 Contamer Explosion Scenario 1 - TRU Waste Box Container Explosion 

Thls accident scenano is discussed below and is summanzed m Table 98 located at the 
Protectwe features end of  Secbon 5 6,  Container Explosion Scenario Accident Analyses 

identified m the discussions that follow wll be indicated m bold itaficized text 

Accident Scenano 

Hydrogen generabon m metal waste contamers (HazardEnergy Source 13A, bounds 
hazard associated wth pressurized contamers, HazardEnergy Source 6C) is postulated to lead to 
an mternal hydrogen explosion in a TRU waste contamer (HazurdEnergy Source 4B) The 
radioactwe decay of  the TRU waste matenal lnteracts wth hydrogenous waste matmals and 
produces hydrogen and oxygen gases The gases are retamed III the metal waste contamer and 
allowed to accumulate to the point where a hydrogen explosion potenbal exlsts Smce as little 
energy as is associated wth a stat~c charge can i p t e  flammable hydrogedoxygen mxtures, 
static charges generated by contamer movements i p t e  the hydrogen Therefore, the contamer 
explosion can occur at any pomt m the handlmg o f  the contamer (I e ,  at the storage locabon, at 
the dock, and dumg transit) Smce the contamer loses its lid as part o f  the scenano, the matenal 
impacted by the event is no longer confined The scenano deals wth an overpressure event that 
IS conservatwely assumed to unpact radioactwe matenal m the form o f  a powder The scenano 
is modeled as a 10 m u t e  release A ground-level (non-lofted) release o f  the mhoacbve 
matenal is assumed 

Scenario Modelzng Assumptions mternal overpressure, powder, 10 rmnute durabon, 
non-lofted plume 

Accident Freauencv 

The postulated accident scenano is considered to be an extremely unZrkeZy event The 
likelhood of  h s  scenano is pnmmly defined by a protecbve feature assumed ln the analysis 

Feature F13 mdicates that metal waste contamers are extremely unlikely to be 
breached by mternal hydrogen explosions due to metal waste container venting 

Waste container venting precludes the accumulabon of hydrogen m the waste contamer as long 
as the vent remams open except for cases of extremely hgh hydrogen generation rates as mght 
be associated wth a chemical reaction occurnng m the contamer rather than just radiolysis 
Since the &stance through the filter is short relative to the diameter o f  the filter, the migration of  
hydrogen through the vent is not vent limted as mght be the case for vented tanks wth long 
vent lines The dnving force for the hydrogen in the contamer is pnmmly the buoyancy of the 
hydrogen gas relatwe to air The equilibnum concentration o f  hydrogen gas in a vented TRU 
waste contamer is expected to be well below the 15% hydrogen concentration levels needed to 
cause a breach of the waste container 

The likelihood o f  the event is dependent on (1) the amount of radioactive matenal in the 
contamer that lmpacts the rate of hydrogen generation, (2) the amount of hydrogenous matenal 
in the container that impacts the rate of  hydrogen generated, (3) the extent to whch the vent is 
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plugged that impacts the ability of the contamer to retiun the hydrogen, and (4) the length of time 
that the contamer vent is plugged relative to the contamer hydrogen generahon rate The 
contamers bemg analyzed are TRU waste contamers that have the potenhal to generate hydrogen 
but not at rates as lugh as residue drums The contamers may contam hydrogenous matenals in 
the form of plastics and paper but waste contamers wth liquids are prohibited from the 
Building 991 Complex that reduces the rate of hydrogen generabon compared to contamers wth 
hgh water content Vent pluggmg has been observed in contamers wth reactive chemical 
components (e g ,  acids) where the fumes from the chemcals can act on the vent leadmg to 
corrosion product buldup and vent plugging Since liquids areprohibited, the extent of reactive 
chermcals m the Buldmg 991 Complex TRU waste is lmted, whch reduces the llkelhood of 
vent pluggmg due to chemcal attack Contamers wl l  be retamed m the complex for extended 
penods of pme, whch elminates any hydrogen explosion MceMd reduchon associated wth 
retention tune 

Scenarzo Modeling Assumptions extremely unlikely event 

Matenal-At-fisk 

Only a smgle TRU waste contamer is mvolved m the contsuner explosion event Mulhple 
contiguous vented waste contamers havmg explosive concentrahons of hydrogen and oxygen 
accumulated in the contamem is considered to be a beyond extremely unlzkely event given that 
the occurrence of a smgle contamer wth explosive concentrabons of hydrogen and oxygen is 
considered to be an extremely unlzkely event Based on General Assumpbon G4, no more than 
320 grams (WG Pu equvalent) of rahoactwe matenal wll be m a TRU waste box and h s  is 
unposed as a container radioactive material loading hutation The contamer mvolved m the 
explosion event is conservatwely assumed to be Solubility Class W 

As stated earher, not all of the solid matenal m the waste contamer is lmpacted by the 
explosion smce the predormnance of gases are located at the top of the contamer m the head 
space and most of the force of the explosion would be m the dmcbon of the contamer lid loss 
The SARAH (Ref 8) recommends that a small damage mho be used for the mternal waste 
contamer hydrogen explosion ( I  e ,  DR = 0 1) The DOE Handbook on release fiachons (Ref 7) 
recommends an ARF value of 0 1 and a RF value of 0 7 for the ventmg of pressunzed gases over 
contarmnated, non-combusbble matenal where the volume is pressunzed The ARF and RF 
values in the DOE Handbook are based results of expenments dealmg wth confinement fmlures 
of pressunzed contamers contauzlng solid matenal in the form of powder and these values wl l  be 
conservatively applied to the TRU waste container hydrogen explosion scenano 

Scenarzo ModeZzng Assumptions single contamer, aged WG Pu, 320 grams, Solubility 
Class W, DR = 0 1 

Accident Consequence 

The radiological dose consequences of container explosions lnvolvmg TRU waste 
containers were onginally assessed to be hzgh for both the MOI and the CW llus yielded an 
initial nsk class for the scenano of fisk Class I1 for both receptors (extremely unZzkeZy frequency, 
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hzgh consequence) Based on Table2. the radiological dose conseauences of unrmtuzated 
ex~losions were onmnallv assessed to be moderate for the IW This yielded an mitral nsk class 
for the Scenano of k s k  Class111 for the IW (extremely unlzkely fieauencv. moderate 
conseauence) 

The analyzed radiological dose consequences of a contamer explosion mvolvmg a smgle 
TRU waste box are moderate (2 6 rem) to the MOI and hzgh (350 rem) to the CW The resultmg 
nsk class for the scenano is fisk Class I11 for the MOI (extremely unlzkely fiequency, moderate 
consequence) and is fisk Class I1 for the CW (extremely unlzkely fiequency, high consequence) 

The IW located m the vlcimty of the contamer explosion could have been senously 
injured as a result of berng unpacted by the contamer lid There is the potential for the IW to 
inhale d o a c h v e  matenal bemg carned m the release plume from the explosion (2.24 grams) 
but the IW would have to remam m the vicmty of the contamer or m the path of the plume It 
would be relatwely easy for the IW to vacate the area wth muumum dose mpact Sthe IW is not 
incapacitated The ra&ological dose consequences for the IW are qualitahvely judged to be 
moderate, consistent wth Table 2 for mtuzated exdosions, due to (1) the moderate amount of I 
radiological matenal that is released, (2) the rapid rate of release (2 e ,  puff release that places all 
the released matenal mto the au m a very short tune), (3)the mdcators of the explosion 
(e g , loud noise, loss of contamer lid) that dorms the IW of the event, and (4) the buldmg 
emergencyplan that dmcts the IW to evacuate The resultmg nsk class for the scenano is && 
Class I11 for the IW (extremely unlikely fiequency, moderate consequence) 

The IW located m the facility but away from the accident wdl not be exposed to the 
contamer explosion accident (no mj~ry potent@ but could be exposed to the radioactive 
matenal release plume There are no systems m the facility that wll  provide warning to the IW 
m the facility but away from the accident However, the mechamsms that are idenhfied for 
imtiabon of thrs event deal wth waste contamer handling that requms personnel parkipahon 
These personnel, unless mcapacitated, w11 be able to make an announcement over the LMJW 
system leading to evacuahon, per the facility emergencyplan, of any facility IW unaware of the 
event The consequences for the imtially unaware IW are qualitatwely judged to be low due to 
(1) the moderate amount of radiological matenal that is released, (2) the mdicators of the 
explosion (e g ,  HXDW) that mfonns the IW of the event, (3) the Imuted potential for the 
radioactive matenal release plume to mgrate throughout the facility, and (4)the burldmg 
emergency plan that dvects the IW to evacuate No nsk class designahon for the mtially 
unaware IW is provlded 

Control Set AdeauacvNulnerability 

Two preventive features have been credited in the determination of the scenano 
frequency and two mitigative features have been credited in the scenano consequence 
determination The credited preventive features are 

1 the Admimstrative Control for waste container vents on all sealed, metal waste 
containers (all receptors), and 
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2 the Admimstrative Control that liquids areprohibited m waste contamers to be stored 
in the Bmlding 991 Complex (all receptors) 

The credited mbgabve features are 

1 the Admmstrative Control o f  container radioactive material loading (all receptors), 
and 

2 the Admmstrative Control of an emergencyplan (IW only) 

Filures o f  the prevenbve features are already assessed m the scenano frequency 
deternation process and wll  not be addressed further 

Filures o f  the container radwactive material loading mbgabve feature mgher MAR 
contamers, one order of magmtude reducbon m fkquency, no change m scenano frequency bm) 
would result m addlbonal MAR The dose consequence bm assignment is already hzgh for the 
CW so MAR mcreases wl l  mcrease dose consequences but no change m the scenano CW nsk 
- class will result It would take almost 2 tunes the MAR to be mvolved m an accident scenano to 
yield a change m the MOI dose consequence bm assignment (fiom 2 6 rem to 5 rem) This 
equates to a contamer mventory o f  approxlmately 640 grams Inventory errors o f  thls magmtude 
are possible and would change the consequence bm assignment for the MOI to hzgh wth no 
change 111 scenano fkequency Therefore, for the contamer explosion event, the scenario nsk 
class for the MOI mcreases to k s k  Class I1 fiom k s k  Class I11 due to fmlure o f  the container 
radioactive material loading mbgabve feature 

Filures o f  the emergency plan mbgatwe feature (madequate plan, one frequency bm 
reduction due to sensibility o f  evacuabon and standadzed pdance) could result m addlbonal 
IW exposure to mborne mhoactwe matenals Smce the scenano was determmed to be an 
extremely unlzkely event, falure o f  the emergency plan mbgabve feature concurrent wth the 
scenano would be a beyond extremely udzkely event and does not requre M e r  evduabon 

In all situations discussed above, the follourlng defense-m-depth features tend to mbgate 
or prevent the s c e m o  but are not cre&ted m the analysis 

0 Filtered Ejchaust Ventilation (MOI and CW only) For contamer explosions m 
ventilated areas (north waste storage areas), the filtered exhaust ventilation systems 
o f  the facility can a d  in s c e m o  mitigabon by filtenng facility exhaust and reducing 
the radiological dose consequences of the CW and the MOI 

Training (IW only) The IW Training program is an additional mitigative feature 
that can reduce IW consequences as a reinforcement of  the emergency plan 
evacuation gudance 

LS/DW (IW only) Facility management or other personnel can utilize the LSDW 
system to reduce I W consequences by providing indication of  a contamer explosion to 
facility personnel 
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In summary, the analyzed accident scenano yields h s k  Class I1 results for the CW and 
hsk Class I11 results for the MOI and the IW Frulures o f  the indwdual mitigative feature o f  
container radioactive material loading concurrent wth the accident increases the nsk class of 
the scenano for the MOI from h s k  Class I11 to hsk Class I1 

F13 

R12 

R22 

5.6.3 Container Explosion Scenario Assumptions, Features, Requirements 

In the evaluation o f  the contamer explosion scemos ,  assumphons, protectwe features, 
and reqmments were identified for prevention andor mbgahon of the accidents Thls 
informahon is found m Secbon 4 3 6 5 ,  Bounding Container lbplosion Scenarios Determination, 
and ~fl Secbon 5 6, Container Explosion Scenario Accident Analyses Table 97 presents a listmg 
o f  the general assumpbons (coded by the letter “G”) made, assumptions (coded by the lettex “A”) 
made, the protectwe features (coded by the letter “F”) credited, and reqmments (coded by the 
letter “R”) specified m the evaluahon of  contamer explosion scenanos The scenanos to *ch 
each assumpbon, feature, or reqmments applies are listed in the table along wth the m p c t  of 
the assumpbon, feature, or reqmment 

Metal waste contamers are 
extremely unlikely to be 
breached by mtemal hydrogen 
explosions due to metal waste 
contamer ventmg 

Contamer Explosion 
Scenmo 1 

Reduces the Ilkellhood of metal waste 
contamer failure for scenarios dealmg 
with mtemal hydrogen explosions by 
two frequency bms 

Waste Container Vents 

The Buildmg 99 1 Complex 
will develop an Emergency Scenmo 1 releases 
Plan for the facilibes m the 
complex Emergency Plan 

Waste contamers to be stored 
m the Buildmg 99 1 Complex 
shall not contam liquids 

Contamer Explosion Reduces the exposure to the IW to 

Contamer Explosion 
Scenmo 1 

Reduces the likellhood of  mtemal 
hydrogen explosions m contamers by 
reducmg the potential rate o f  hydrogen 
generation 

Liquids in Waste Prphibited 

Table 97 AssurnptionsE’eaturesdtequirements for Container Explosion Scenarios I 
I 

TRU waste contamers contam I Contamer Explosion I Sets the potcntA MAR for the scenano I 
no more than 200 grams 
(WG PU equivalent) m metal 
drums and 320 grams m metal 
boxes 

Scenmd 1 mpctii  TRU waste contamers 

Container Radioacthe Matcriol 
Loading 
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5.7 FACILITY EXPLOSION SCENARIO ACCIDENT ANALYSES 

5.7-1 Facility Explosion Scenano Development and Selection 

One boundmg facility explosion scenano was idenbfied in Section 4 3 6 6,  Boundzng 
Facility Explosion Scenarios Determznatzon The scenano, B-FEXPLO- 1 , mvolves the 
extremely unlzkely impact of a facility explosion on a waste storage area mventoy (either LLW 
andor TRU waste contamers types). 

The hazards mbally idenbfied m the hazard idenbficabon and evaluabon process dealt 
wth propane (HazardEnergy Source5B) and natural gas (HazardEnergy Source5C) 
Calculabon CALC-RFP-98 0555-RGC (Ref 39) analyzed the potenbal that a &spersion of a 
large source of propane vapor fiom the 750 Pad tank farm could mgrate to the Buildmg 991 
Complex The 750 Pad tank farm consists of eight 1,000-gallon propane tanks connected 
together by a common manifold to serve the ten heater/vaponzer mts for the storage tents on the 
750 Pad The 750 Pad tank farm is located west of, and on the hllside above, the Buldmg 991 
Complex The &stance between the tank farm and the complex is greater than 400 feet The 
area between the tank f m  and the complex is a grass covered ravme wth a small stream An 
elevated road (wth at least a 10 foot nse) runs across the ravme between the tank f m  and the 
complex At the pomt where the ravme meets the elevated road, the stream is Qvexted mto a 
culvert that runs on the south side of the Bmldmg 991 Complex 

In the calculabon, the boundmg scenano considered for a large source of propane vapor 
was the catastrophc fdure and subsequent spill fiom one 1,000-gallon propane tank. The 
fsulure occurs due to a €ugh energy mpact from a propane tanker truck or other type of vehicle 
Failures of the mamfold pipmg connectmg the eight tanks would lead to a lower release rate wth 
less downwnd propane concentrabon but would increase the durabon of the vapor cloud The 
calculation utilized a dense gas hspersion model that does not account for surfice roughness and 
momentum induced turbulence to compute the propane concentrabon at a downwmd distance 
from the 750 Pad tank farm Surface roughness and momentum mduced turbulence wthm the 
vapor cloud would lead to mcreased &ffusion and propane concentrabons consistently lower 
than the model predicbon 

The calculabon concluded that the postulated propane release wll  not renmn flammable 
beyond 70 feet from the release point For conservatism and to account for model uncertambes, 
the calculation recommended that a separation &stance of 150 feet be mamtamed to ensure that 
the flammable mixture is not entrsuned mto a confined space (e g , ventilation ducts, culvert) 

Based upon the conclusions of the calculation, the likelihood of hgh concentrations 
(ie,above flammability limits) of propane mgrating from the 750pad tank farm to the 
Building 991 Complex is considered to be a beyond extremely unlzkely event Ths  likelihood 
determination is based on (1) the distance that the propane vapor cloud would have to travel 
(I e , greater than 400 feet versus the recommended 150 foot separation), (2) the stated 
conservatism of the calculation dealing with omission of surface roughness and vapor cloud 
momentum induced dispersion, and (3) the location of the elevated road between the tank farm 
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and the complex that would requre that the propane vapor cloud m e  up over the road in order to 
reach the complex leading to addibonal propane dispersion and concentration reducbon 
Therefore, no further analysis of h s  hazard is necessary 

Calculabon CALC-RFP-98 0555-RGC (Ref 39) also analyzed the potential effects of a 
natural gas jet explosion A gas jet scenano was the only condition found on Site in whlch a 
natural gas release could lead to a sigmficant blast wave overpressure In the gas jet explosion 
scenano, it was assumed that a natural gas lme attached to the outer surface of a buldlng breaks 
A jet plume results from the line break and an igmtion source was assumed to igmte the 
flammable portron of the plume, resulbng in a violent explosion In the assumed scenano, the 
explosion burns the gas in the plume If the igmhon source r e m u  wthm the area of the plume, 
the natural gas plume could be re-igmted, thereby repeatmg the event unbl such tune that the 
flow of natural gas through the lrne break was stopped The calculation prowded an expected 
overpressure and unpulse duration for the natural gas jet explosion but dld not analyze the 
specific effects of such explosions on Site facility walls The calculabon mdlcated that the 
resultmg peak pressure felt at the wall was 22 8 psi Smce the durabon of the explosion is very 
short (2 6 msec), the damage to the wall would be mpulse dependent The durabon of the 
calculated mpulse is sigmficantly below the typical resonance fiequency of walls, whch is on 
the order of 10 Hz or a 0 1 second penod Therefore, the calculabon concluded that the potenbal 
damage from the natural gas jet explosion to concrete or masonry walls would be negligible but 
that damage to other construcbon types r e q m d  addlbonal evaluabon 

For the Bmldmg 991 Complex, natural gas is prowded to fuel the weatherproof borlers 
located approxunately 15 feet east of Room 166 of Buldmg 991 The natural gas h e  follows 
the steam lme to the complex before it is routed to the boilers The natural gas lrne comes wthm 
approxlmately 1 foot of the top of the northeast corner of Room 166 before it goes east to the 
boilers Room 166 of Buldmg 99 1 is gomg to be used as a ra&oactwe waste storage area. The 
room is constructed of concrete block walls wth a smgle glass pane wmdow located on the north 
wall of the room that could be subjected to natural gas jet explosions The walls of the mom 
would be expected to survive the overpressure effects of the natural gas jet explosion, due to theu 
construcbon, but it is not expected that the wmdow would s m v e  the explosion If the wmdow 
is breached by the mbal explosion and the natural gal h e  leak and igmbon sources are sbll 
present after the explosion, it is possible that natural gas from the leak could rmgrate mto 
Room 166 through the broken w d o w  and accumulate inside the room up to concentrations 
above flammable levels Under these conltions, radioactive waste contamers stored m the room 
could be exposed to a follow-on natural gas explosion 

Due to the possibility of thw scenano occurnng, the Room 166 glass pane window mwt  
be covered or eizmznated in such a manner that the likelrhood of natural gas gettmg into 
Room 166 wth a subsequent gas explosion that can impact waste contamers in the room is 
reduced to a beyond extremely unlikely event The wndow, for example, could be covered with 
a metal plate located on the outside of the wall (reduces likelihood of plate being dnven into the 
room by an external natural gas explosion) wth sealant around the plate to prevent natural gas 
migration into the room, or the window could be blocked in wth concrete blocks Whatever 
means are chosen to cover or eliminate the wndow in Room 166 w11 reduce the lrkelihood of 
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natural gas explosions impacting waste contamers to beyond extremely unlzkely events and no 
M e r  analysis of these events are necessary An alternative control is to restrzct Room 166 
storuee to POC containers POC containers were excluded from M e r  evaluation based on 
crediting FeatureF9. which state that POC contamers cannot be breached by any external 
flammable gas explosions expected dunng. facility oDeration Therefore. the likelihood of a 
natural gas exdosion rn Room 166 impacting POC contamers is considered to be a bevond 
extremelv unlikelv event 

The propane hazard (HazaraYEnergy Source5B) was mtended to represent any of a 
number of flammable gases that may be used in the Bmldmg 991 Complex Acetylene is another 
flammable gas that may be used ln the complex and poses sdar,  if not greater, nsks to the 
facility than the use of propane due to the explosive yeld of acetylene bemg greater than that for 
equvalent quanbbes of propane Most of the followmg &scussions address the use of acetylene 
to cover the perceived greater nsk associated w~th that product 

Acetylene gas weldmg, cuttmg, and brapng may be conducted at vanous locabons 
throughout the Buldmg 991 Complex, includmg waste storage areas, dmng construction and 
mamtenance achvlbes Acetylene cylmder volumes may range from 10 e to 300 

For flammable gases used in Buldmg 991 Complex (speclfically acetylene), transibon 
from a deflagrabon explosion to a detonation explosion depends on the flammable gas rmxture, 
temperature, and pressure, on the size of the enclosed room, and on the igmbon source With a 
p o w e f i  igmbon source, detonation may occur upon igxuhon, even m the open However, 
explosions of gases (both lighter- and heavler-than-an) and hqud vapors are nearly always 
deflagrabons and are seldom detonabons (Ref 40) Detonabon explosions of heVan rmxtures 
can potenbally occur under the followmg restncbve con&hons (1) the fuel/, cloud must 
nearly fill, or be confined by, the closed volume it occupies, (2) the fuel/= rmxfure must have a 
concentrabon w h n  the detonable range, and (3) a hghly energetic igmhon source must mbate 
the explosion (Ref 41) The igmhon energy r e q d  to mbate a detonabon is usually many 
orders of magmtude greater than that required to mhate a deflagrabon (Ref 42) For acetylene, 
the m m u m  igmtion energy to igmte a detonabon is 5 3 kJ (propane igmhon energy is 2 10 kJ) 
An electrrc arc m a shorted 50-75 horsepower motor would appear to be sufficient to igmte an 
acetylene detonabon For the Building 991 Complex, it must be assumed that such an igmhon 
source may be present, however, the remaning two condihons must sbll be met m order to have 
a detonation For the situabons of concern wthm the Burldmg 991 Complex, the most likely 
mode of combusaon of a fuel/mr mixture is a deflagrabon 

The drum fmlure cntenon for a deflagration, defined as the apparent, external crushmg 
pressure at lid filure, is conservatively calculated as 22 psig (Ref 41) based on static drum 
compression tests performed at the Sandia Nabonal Laboratones However, structural 
degradation (of intenorlextenor walls, ceillng slab, overhead items, etc ) as a result of increasing 
pressure would be a concern pnor to 22psig Impacts from falling debns can breach waste 
containers wthm the waste storage areas 
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As stated earlier, acetylene cylinders come in vanous sizes up to 300 Since 
flammable gas explosion potenbal is related to the concentrabon o f  the gas in an enclosed 
volume, waste storage areas wthin the Building 991 Complex can be exarmned to d e t e m e  
those rooms for whch a release o f  an acetylene cylinder contents could lead to flammable 
concentrations o f  the gas when rmxed wth i r  in the room Th~s type of  situation can potentially 
lead to flammable gas explosions and sigmficant room overpressure Building 991 Complex 
waste storage areas are identified in Table 99 along wth appromate room volumes and the 
amount o f  acetylene gas, that if released and mformly mixed wth the total volume of room m, 
would result in a flammable adacetylene mixture 

135 
140/141/153 

142 

I Table 99 Building 991 Complex Waste Container Storage Areas 

200 10 2.000 50 

3.600 20 72,000 1.800 

448 10 4,480 112 

1 9 7 5 1  1399 I 

143 
148 

500 20 10.o0o 250 

200 10 2,000 50 
I 

151 
155 
158 

936 20 18,720 468 

648 20 1ZW 324 
300 10 3,000 75 

I I I I 23,680 I 592 166 1,184 20 

170 3.000 25 75.000 1.875 I 
I 856 I 10 I 8,560 I 214 996 

998 1.725 10 17.250 43 1 I 
Combustion o f  acetylene, whether it is a deflagrahon or detonahon, can occur only when 

the concentration is wthm the flammable range, whch is between 2 5% and 81% by volume 
From Table 99, Room 135, Room 142, Room 143, Room 148, Room 158, and Building 996 
could potentially contam a flammable adacetylene mxture if weldmg, cuttmg, or b m g  were 
performed and up to 300 fi? of  acetylene is inadvertently released and mixed uniformly wth the 
entire volume o f  room sur Assuming that these smaller rooms act as enclosed volumes, the 
acetylene gas deflagrahon could be confined and result in higher m m u m  overpressure values, 
potentially resulting 111 contamer fsulure, than an unconfined deflagrahon in a larger volume 
room Therefore, the use of acetylene in Rooml35, Room142, Rooml43, Room148, 
Room 158, and Building 996 r.s prohibited and flammable gas explosions in these waste storage 
areas does not require further evaluation 

In larger volume rooms or areas, including Room 134, Room 140/141/153, Room 151, 
Room 155, Room 166, Room 170, and Building 998, the combustion process will be limited to a 
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localized adacetylene rmxture wthm the flammable range It is reasonable to model explosions 
in these larger rooms as uncodined deflagrations based on the largest volume o f  a flammable 
airlacetylene mixture being approxlmately 12,000 p (based on the lower flammability limt and 
300 ft3 of  acetylene) compared to room volumes o f  fiom 12,960 p to 75,000 f? When a volume 
of gas or vapor in mr deflagrates in an unconfined space, only a small fiaction o f  the energy m 
the cloud actually contnbutes to any result damage (Ref 43) Thts fiacbon is referred to as the 
yield factor 

The facility explosion s c e m o  to be analyzed is 

Facility Explosion Scenario 1 - Explosion in Waste Container Storage Area This 
facility explosion is assumed to occur followmg a release o f  acetylene gas mto a waste 
contamer storage room wth a deflagrabon lmited to 4 locallzed adacetylene mxture 
w k  the flammable range Tlus postulated explosion mpacts the entm dologica l  
waste contamer mventory (HmardEnergy Source 4 4  o f  the specific waste storage area 
(room) where the explosion occurs Room mventones consist of nuhoacbve matenals 
packaged m TypeB shlppmg contamers, POC contamers, metal TRU waste containers, 
metal LLW waste contamem, and wooden LLW waste contamers TypeB shlppmg 
contamers and POC contamers were excluded from further evaluahon based on crehtmg 
FeatureF8 and FeatureF9, whch state that TypeB shppmg contamers and POC 
contamers cannot be breached by any external flammable gas explosions expected dunng 
facility operabon Therefore, the ldcellhood o f  a facility explosion mpactrng T p B  
shppmg or POC contamem is considered to be a beyond extremely unZikely event. 

5.7.2 Facility Explosion Scenario 1 - Explosion in Waste Container Storage Area 

Th~s accident s c e m o  is discussed below and is s u m m d  in Table 10 1 located at the 
end of Section 5 7 ,  Facility Explosion Scenario Accident Analyses Protectwe features identified 
m the discussions that follow mll be mhcated m bold italicized text 

Accident Scenano 

It is postulated that a Wl 150 f? acetylene cylmder ruptures and the entrre contents is 
released mto a waste storage area (room) A release fiom a 150 f? acetylene cylmder is 
postulated based on prevlous analyses performed for the Buldmg 371/374 Complex, whlch are 
discussed in subsequent paragraphs A release of  acetylene gas can occur as a result o f  fmlure of  
(e  g , manufactunng deficiency) or damage to (e g , toppling/dropping of  cylinder, lunebc 
energy, puncture) the gas cylinder or ancillary eqmpment (I e ,  cylinder valve, regulator, relief 
device, hoses, torch, etc ) dutvlg construction or maintenance activibes Followng the release, 
the acetylene wll mix wth surroundmg room mr 

For this analysis, it is assumed that 150 ff' o f  acetylene is rapidly released into a larger 
volume room (I e ,  Room 134, Room 140/141/153, Room 151, Room 156, Room 166, 
Room 170, or Building 998) and mixes w~th room an to form a localized, flammable mxture for 
a limited penod of time due to continued mixing While the flammable mixture is present, it is 
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3 

postulated that an igmtion source (e g , electnc power system, HazardEnergv Source 5E) i p t e s  
the acetylene to produce a deflagrabon wthm the room The MAR for this analysis is the entre 
radiological mventory in the waste contamer storage room where the explosion occurs, packaged 
as either LLW or TRU waste 

A conservatwe engmeenng analysis (Ref 4 1) calculated that a deflagration of 150 ff of 
acetylene in a hermetically sealed enclosure wth a volume of 18,085 f? wll yeld an 
overpressure of approxunately 22 psig, whch is equivalent to the external stat~c compression 
pressure d e t e m e d  to be necessary to cause farlure of the drums However, because the 
acetylene is dissolved m an acetone camer, the release process w11 be relatwely slow The 
deflagration of the entwe contamer content is unllkely to occur wthout sufficient dispersion (due 
to the duration of the release) to prevent flammability of a large fkcbon of the total Therefore, a 
comcal jet fiom a 1-mch onfice is modeled consistent wth Site methodology 

The length of the comcal jet is estmated to be 16 7 feet based on the fact that “100-fold 
dilubon wll be achieved by jet actIon alone wthm a distance of 200 nozzle diameters ” The 
quantity of acetylene released is apprownately 10% of the total content, or 15 f? fiom a 150 f? 
cylmder The release is deterrmned to be contamed wthm a comcal jet wth a volume of 141 e 
The mxture concentrabon is therefore 10 6%, whlch is well wthm the flammable range. The 
resultant overpressure fiom the deflagrabon explosion would be apprownately 0 31 psig for a 
room volume of 105,000 f?, 0 78 psig for a room volume of 49,500 f?, and 3 3 psig for a room 
volume of 12,540 f? The overpressure wll occur virtually uuformly throughout the room as 
the explosion evolves Th~s overpressure is much less than 22psig and is not sufficient to 
produce lid farlure of 55-gallon drums The analysis m the Bmldmg 371/374 Complex BIO 
concludes that a 15 e release of acetylene into a room wth a volume greater than apprownately 
12,000 ft? would result m an Overpressure that does not exceed 3 5 psig (whlch is the peak 
overpressure judged to be a reasonable mtemal cntenon to ensure that damage wthm the 
Buldmg 3711344 Complex would be localized) However, it is conservatwely assumed that 
10 drums are breached because of unpacts wth debns resultmg h m  explosion overpressure 
effects Based on the evaluabon of the Bmldmg 371/374 facility acetylene explosions, weldmg, 
cumg and bravng using acetylene gas wll be authonzed m Buldmg991 Complex waste 
storage areas wth volumes greater than 12,000 ff The scenano is modeled as  a 10 m u t e  
release A ground-level (non-lofted) release of the radioactive matenal is assumed 

Scenario Modeling Assumptions spill, confined matenal, 1 0 rmnute duration, non-lofted 
plume 

Accident Freauency 

The postulated accident scenano is considered to be an extremely unlikely event The 
scenano requires (1) the fsulure of the acetylene cylinder or associated plumbing, (2) acetylene 
mixing wth room sur to form a flammable mixture, and (3) introduction of an igmtion source 
The flammable mixture w11 only exist for a lunited bme due to continued mixing, which could 
be enhanced by active ventilation (an expected condition even though not credited, since one 
condition for welding is that general ventilation be established per HSP 12 1 1, Welding, Currzng 
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3b5 

and Brazzng) The likelihood o f  h s  scenano is pnmmly defined by the followng conditions or 
assumptions made in the analysis 

Feature F 17 indicates that the breach of  anyflammable gas container that are used in 
the perfoxmance of  actrvihes must be an unlzkely event due to contamer resistance to 
impacts, and 

Requrement R9 requlres that a hot work control program be implemented for the 
Buldmg 991 Complex to make flammable gas explosions rn areas contamng staged, 
stored, or m-process ( z  e , GEN activity) radioactwe matenal unZzkely events 

Inherent m the likelihood detemation for facility explosions that unpact stored waste 
contamers is the resistance o f  the metuf waste drum to overpressure events requlnng at least 
22 psig overpressure to result ~fl contamer farlure 

Scenarzo Modebng Assumphons extremely unlikely event 

Matenal-At-ksk 

An unconfined deflagrabon of 150 f? o f  acetylene in Room 134, Room 140/141/153, 
Room 151, Room 155, Room 166, Room 170, or Bmldmg 998 is assumed to result m a peak 
overpressure less than the 22 psig requmd to breach a metuf waste drum The overpressure is 
not sufficient to rupture 55-gallon drums and it is also rnsufficient to topple stacked drums since 
the overpressure is essenhally uniform throughout the room ( z  e ,  the pressure wl l  be exerted on 
the drums from all sides) It is conservatwely assumed, however, that 10 TRU waste drums are 
breached TRU waste drums are evaluated and bound the consequences associated wth LLW 
contamers The 1Odrum assumphon ensures that my debns impacts are enveloped by the 
analysis as is the unanalyzed scenano of  a mssile generated by the fiulure o f  a compressed gas 
cylmder The actual number of drums breached (E e , Denetrabons throud the metal contamer, 
the drum liner, and internal Dackaging) is emected to be much less than the 10 drums that are 
analyzed Verv few cellin? fixtures m waste container storage areas have sufficient mass to 
penetrate drums when dropped from the ceilings The aDDroach taken in the evaluation o f  a 
seismic event (see Section 5 9 2, NPWEE Scenario I - DBE Event-Induced SDzll)  wll be used to 
assess the conservatism of the l0,drum breach The analysis of the BDBE event analyzed in 
Section 5 9 3. NPH/EE Scenario 2 - BDBE Event-Induced Sozll. assumes more ceiling damage 
than that expected to result from the acetylene explosion but will also be used for comDmson 
purposes 

It is assumed that 10% (50% for a BDBE event) o f  the exposed drums (drum lids exDosed 
to the ceiling) in a room will be subiect to ceiling debns induced by the acetylene explosion The 
10% value is based on engineering iudgment and is believed to be conservative since the ceiling 
is not totally collapsing and there is a limited amount of  overhead matenals available in the 
facilitv to fall onto drums There are overhead cranes in Room 134 and Room 170 that could 
potentially impact waste containers but these cranes are not expected to fall as a result of the 
exdosion The HVAC ductwork in the facilitv only covers a small portion of  the total ceiling 
area and may not have sufficient mass to breach waste containers Heating units in vanous 
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portions of the facilitv may have suficient mass to result in container breach but cover even a 
smaller portion of  the total ceiling area and probably wll not fall as result o f  the explosion 

Of the drums subiected to falling debns. it is assumed that 10% (for both the DBE and 
BDBE events) o f  the drums are breached to the Doint o f  losing confinement o f  radioactive 
matenal contents The 10% value is also based on engineering iudgment and takes into account 
the strenah o f  the drums (z e .  metal wuste drudcontainer controls) and the twes o f  overhead 
matenals that may fall (z e . limited amount of heaw. m netratmg overhead matenals) 

The number of  exbosed TRU waste drums vanes in the rooms o f  the facilitv from a 
maximum o f  apmolumately 300 drums in Building 998 to 120 drums m Room 155 Note that 
the larper the room. the less ovemressure and corresmndmg ce i lm~ debns exmcted The ranee 
of breached drums vanes from 3 to 1 under the DBE event assumption o f  10% of the exbosed 
drums bemg mDacted by debns and from 15 to 6 under the BDBE event assumption o f  50% o f  
the exmsed drums bemn im~acted by debns The effect of the exdosion on debns Droduction is 
not well defined but is exmted to be significantly less than that associated unth a BDBE event 
where the ceilme is Dartially collapsing and eauipment is shaken for a relalwelv long mnod o f  
time as cornwired to an exdosion event Therefore. the number of contamers damaged is 
expected to be closer to the 3 than 15 

Note that room inventones wth less than 200 exposed drums and unth volumes erreater 
than 12.000 e would weld less than the assumed 10 drums, even under the BDBE event 
assumptions These rooms include Room 151 (134 exposed. about 7 breached). Room 155 
(120 extmsed, 6 breached). Room 166 (not of  interest due to the restrict Room I66 storape to 
POC containers control). and Room 170 (1 92 exDosed, about 10 breached) Bmldme 998, 
Room 140/141/153, and Room 134 all have more than 200 emosed drums but are very larne 
rooms wth less impact emected fkom the explosion ovmressure Room 170 is also a very laree 
room and would be expected to have less explosive ovemressure than Rooms 151 and 155 
Therefore. an asswmtion of  10 drums being damaged bv debns resultmg fiom the flammable 
gas emlosion is comervatwe and covers any addihonal drum damage fkom cylinder missile 
debns as a result o f  tmtenbal cylinder involvement in the exdosion 

It is judged appropnate, based on the energy o f  the event and the types of  matenals stored 
wthm the drums, to assume that the matenal is released as a spill The effective MAR is 
2,000 grams (WG Pu eqwvalent, 10 TRU waste drums x 200 g rdd rum)  The container 
radioactive material loading limt of 200 grams (WG Pu eqwvalent) per TRU waste drum is 
specified as General Assumpbon G4 Additionally, a 150 ft3 flammable gas inventory limit is 
imposed for Room 134, Room 140/141/153, Room 151, Room 155, Room 166, Room 170, and 
Building 998 A blended DCF of  3 3E+07 is used to conservatively account for the population 
- mix of  waste contamer IDCs, some of  which should be modeled wth Solubility Class W& 
some o f  which should be modeled with Solubility Class Y The minimum number of drums 
involved in the explosion is 120 drums in Room 155. therefore. the use of  a blended DCF is 
appropnate 

Scenario ModeIing Assumptions 10 drums, 2,000 grams, blended DCF, DR = 1 
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Accident Conseauence 

t The radiological dose consequences of  facility explosions involvmg LLW contamers 
I 

were assessed to be moderate for both the MOI and the CW Th~s yielded an mtial nsk class for 
the scenano o f  f isk  ClassIII for both receptors (extremely unlzkely frequency, moderate 
consequence) The radiological dose consequences of  facility explosions mvolmg TRU waste 
contamers were assessed to be hzgh for both the MOI and the CW l k s  yielded an mbal nsk 
class for the scenano o f  f i sk  Class I1 for both receptors (extremely unlzkely fkquency, hzgh 
consequence) Based on Table 2. the radiolomcal dose conseauences of m t w a t e d  emlosions 
were onninallv assessed to be moderate for the IW Thls vielded an in~tial nsk class for the 
scenano of Rtsk Class I11 for the IW (extrernelv unliklv freauencv. moderate conseauence) 

The analyzed radological dose consequences o f  the facility explosion mduced spill 
involvmg ten 55-gallon TRU waste drums are moderate (0 17 rem) to the MOI and moderate 
(24 rem) to the CW The resultmg nsk classes for the scenano are Risk Class I11 for both the 
MOI and the CW (extremely unlzkely fiequency, moderate consequences) 

For the IW located m the vlcimty at the bme o f  the event, a facility explosion could cause 
death or senous mj~ry to those m the area at the tune o f  the explosion due to the blast effects and 
due to the heat and flame associated wth the deflagrabon There is the potential for the IW to 
inhale mhoactive matend bemg lofted by the spilled contamers followmg the explosion 
(0 2 grams) but the IW would have to remam m the vlcmty o f  the spill The dological  dose 
consequences to the IW that is in the vicmty o f  the explosion are qualitatwely judged to be 
moderate. consistent wth Table 2 for mituzated exdosions. due to* (1) the potentd for the IW 
to be incapacitated by the explosion and unable to exlt the area (I e ,  the IW receives hgher 
radiological consequences smce they are unable to evacuate), (2)the moderate amount of 
radiological matenal that is released, (3) the indicators o f  the exDlosion (e P , loud noise. falling 
debns, smoke) that informs the IW of  the event. and (4) the budding emerpencv dun  that drects 
the IW to evacuate The resultmg nsk class for h s  scenano is Rsk ClassIII to the IW 
(extremely unlzkely frequency, moderate consequence) 

I 

The IW located m the facility but away from the accident wll not be exposed to the 
explosion event (no mj~ry potential) but could be exposed to a dological  release fiom the 
breached waste contamers There are no systems in the facility that wll provlde warmng to the 
IW in the facility but away from the accident unless the explosion sets off the automatic 
sprinkler system that would yield a water gong alarm to inform some complex personnel 
Personnel who become aware of the activation o f  the spnnkler system may make an 
announcement over the L W W  system or may lift a fire phone and activate the facility fire 
alarm to inform other personnel m the complex who may not have heard the water gong alarm 
Personnel who are m the vicinity o f  the explosion and are not incapacitated w11 be able to make 
an announcement over the LSXDWsystem leading to evacuation, per the facility emergency plan, 
of any facility IW unaware o f  the event The consequences for the imbally unaware IW are 
qualitatively judged to be low due to (1) the moderate amount of  radiological matenal that is 
released, (2) the potential explosiodfire detectiodannouncement devices (e g , water gong 
alarms, fire phones) that wlll provide signals to alarm functions, (3)the indicators of the 
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explosion (e g ,  noise,fire alarms, L m W )  that informs the IW of  the event, and (4) the budding 
emergency plan that lrects the IW to evacuate No nsk class designahon for the imtially 
unaware IW is provided 

The consequences of  thls accident scenano concurrent wth an ensung fire is covered in 
the evaluation of facility fire scenanos in Section 5 3,  Facility Fire Scenario Accident Analyses 
The postulated facility explosion scemo could be a precursor to the facility fm Scenarios 

Control Set AdeauacvNulnerabilitv 

Three preventwe features have been credited in the detemahon o f  the scenano 
frequency and four nubgatwe features have been credited m the scenano consequence 
deternunation The credited preventwe features are 

1 the hardware control that the Room 166 glass pane window m u t  be covered or 
eliminated (all receptors) or the Admmstratwe Control that restricts Room 166 
storape to POC containers (all receDtors), 

2 the Adrrrrmstratwe Control that assuresflammable gas containers are unlikely to be 
breached dunng use (all receptors), and 

3 the Admmstratnre Control that requves a hot work control program be unplemented 
for the Bmldmg 991 Complex to make flammable gas explosions m areas contamng 
staged, stored, or m-process ( I  e ,  GEN actrvity) radioactive matmal unlikely events 
(all receptors) 

The credited nuhgatwe features are 

1 the Adrmmstratwe Control that the use of acetylene in Room135, Room142, 
Room 143, Room 148, Room 158, and Building 996 is prohibited (all receptors), 

2 the Admustratwe Control for metal waste drum specificabons ( I  e ,  cannot be 
breached by an explosion peak overpressure less than 22 psig) (all receptors), 

3 the Admimstratwe Control of container radioactive material loading (all receptors), 
and 

4 the Admmstrative Control offlammable gas inventory limits (all receptors) 

- The Room 166 glass pane wzndow must be covered or eliminated preventive feature ~JJ 
alternate control for prevention of natural gas explosions from impacting Room 166 radioactive 
materials However. due to the difficulty in assurindconfirming that the wndow covenng does 
provide the desired Drotection, only the restrzct Room 166 storape to POC contazners control is 
credited The failure of  the restrzct Room I66 storwe to POC containers Dreventive feature 
(storage of TRU waste contamers in Room 166. one frequency bin reduction due to simplicity of 
control) could result in natural gas exdosion imDacts in Room 166 Since the natural gas 
explosion scenario was considered to be an exfremelv unIikeZv event, fadure of  the restrict 
Room 166 storape to POC containers Dreventive feature concurrent with the scenano would be a 
beyond extremely unlzkelv event and does not reauire further evaluation 
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Falures of theflammable gas containers preventwe feature (madequate design, falure to 
meet DOT specifications, one fiequency bm reduchon) could result in some cylinder breach 
events becoming anticipated events The accident scenano likelihood corresponding to these 
situabons is as follows (note assumpbons, features, or requvements that are shown wth a line 
through the code indicate the farled protective feature) 

extremely unlzkely scenano mechanism R9[u] & F 17[u] becomes 
R9[u] & =[A] & feature falure[u] yielding an extremely unlrkely event 

Therefore, there is no change in scenano nsk class due to a farlure of the flammable gas 
containers preventive feature 

Farlures of the hot work control program reqwment (control of igmbon sources, fire 
watches, etc) could result m some events (related to W) becommg antzczpated events The 
accident scenano ldcellhood correspondmg to these situattons is as follows (note assumpt~ons, 
features, or reqwments that are shown wth a h e  through the code mdlcate the faded 
protectwe feature) 

extremely unlikely s c e m o  mecharusm F171UJ&W1UJ becomes 
F 1 7 m  & =[A] & feature falure Iv] yieldmg an extremely unZzkeZy event 

Therefore, there is no change in scenano nsk class due to a farlure of the hot work control 
preventwe feature 

Falures of the use of acetylene in Room 135, Room 142, Room 143, Room 148, 
Room 158, and Building 996 is prohibited mbgative feature (use of acetylene m prohbited 
rooms, one fiequency bm reduction due to smplicity of control) could result m mcreased 
overpressure effects resultmg in mcreased MAR bemg mvolved m the accident s c e m o  Smce 
the scenmo was determmed to be an extremely unlzkly event, fdure of the use of acetylene in 
Room 135, Room 142, Room 143, Room 148, Room 158, and Building 996 is prohibited 
mitigatwe feature concurrent wth the scenmo would be a beyond extremely unlikely event and 
does not requrre further evaluahon 

Failures of the metal waste drums mibgative feature (potential breach of contamers fkom 
explosion rather than just fiom debns, one fiequency bm reduction due to standardmtion of 
waste contamers) could result in addibonal MAR for the postulated scenmo Since the scenano 
was detemned to be an extremely unlikely event, farlure of the metal waste drums mitigatwe 
feature concurrent wth the scenmo would be a beyond extremely unlzkely event and does not 
require further evaluation 

Failures of the container radioactive material loading rmtigative feature 
(underestimation of existing container inventory, one order of magnitude reducbon in fiequency, 
no change in scenmo frequency bin) would result in additional MAR It would take only a 4% 
increase in the amount of MAR to be involved in an accident scenmo to yield a change in the 
CW dose consequence bin assignment (from 24 rem to 25 rem) and even more MAR to change 
the MOI dose consequence bin assignment (factor of about 29 to go from 0 17 rem to 5 rem) 
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Thls equates to an average TRU drum inventory of  over 208 grams in each of  the 10 drums or a 
single drum inventory o f  280 grams Inventory errors of tlus magrutude in individual drums are 
possible although errors o f  th~s magrutude in a large number of  drums are considered to be 
beyond extremely unlzkely events With inventory errors o f  this magrutude, the CW scenano 
consequences would increase to hzgh for h s  event resulbng in a fisk Class I1 scenano for the 
- CW Th~s mcrease in nsk class is offset by (1) the fact that a large majonty o f  TRU waste 
drums wll not be packaged wth 200 gram, the 95" UCL is 75 grams per drum, and (2) the 
conservative estimate that 10 drums would be breached by debns lmpact as a result of 
deflagrabon overpressure effects Also, the likellhood o f  a single drum contamng 280 grams or 
a combmabon of  10 drums adding up to 2,080 grams bemg the set o f  drums breached by debns 
is considered to be at least an unlzkely event Th~s mulbple dnun container radwactive materzal 
loading error or large smgle dnun contazner radzoactive material loading error bemg associated 
with the unpacted drum(s) concurrent wth the scenano would be a beyond extremely unlzkely 
event and does not requre fiuther evaluabon 

Fzulures of  the flammable gas inventory rmbgabve feature (potenhal introduction o f  
more flammable gas, one frequency bin reducbon due to standardization of flammable gas 
contamers) could result m mcreased overpressure effects resultmg in mcreased MAR bemg 
mvolved m the accident scenano Smce the scenano was d e t e m e d  to be an extremely unlzkely 
event, falure of  the flammable gas inventory nubgabve feature concurrent wth the scenano 
would be a beyond extremely unlzkely event and does not requue fiuther evaluabon 

In all situabons drscussed above, the followmg defense-in-depth features tend to mibgate 
or prevent the scenano but are not credited m the analysis 

0 Training (all receptors) The operator Training program is an adhbonal prevenbve 
feature that can potenbally reduce the llkellhood of damage to flammable gas 
cylinders and associated equpment or the buldup o f  flammable gases 

Emergency Plan (IW only) The Emergency Plan is an addibonal nubgabve feature 
that can reduce IW consequences by providmg evacuabon guidance in the event of  an 
explosion 

0 Training (IW only) The IW Training program is an addrtional mitigative feature 
that can reduce IW consequences as a remforcement of  the emergency plan 
evacuation gudance 

Water Gong AlarrdAutomatic Sprznklers (IW only) Water gong alarm activation 
following automatic sprinkler system actuation may reduce I W consequences by 
providing mdication of  an explosiodfire to some facility personnel Sprinkler 
response may or may not occur as a result of  the explosion 

Fire PhonesLocaI Fire Alarm (IW only) Fire phone use activates local jire 
alarms and can reduce IW consequences by providing indication of an explosiodfire 
to facility personnel Personnel may be aware of  the explosion and use the fire 
phone 
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LSLDW System (IW only) Ls/z)W system use can reduce IW consequences by 
providing mdication o f  an explosiodfire to facility personnel Facility management 
may be mformed by vanous alarms or personnel may be aware o f  the explosion and 
use the LUDWsystem 

In summary, the analyzed accident scenano yields fisk Class111 results for the MOI, 
Falures o f  individual preventive or mibgative features concurrent wth the CW, and IW 

accident do not mcrease the nsk class of the scenano for any receptor 

POC contamers cannot be 
breached bv any external 
flammable gas exDlosions 
expected dunng operation 

Flammable gas containers are 
unlikely to be breached dunng 
use 

5.7.3 Facility Explosion Scenario Assumptions, Features, Requirements 

In the evaluabon of the facility explosion scenanos, assumpbons, protecbve features, and 
requirements were idenbfied for prevention and/or nubgabon of the accidents Th~s mformabon 
is found m Secbon 4 3 6.6, Boundzng Facilzty hkplosion Scenarios Determznation, and in 
Semon 5 7 ,  Faczlity fiploszon Scenario Accident Analyses Table 100 presents a listmg o f  the 
general assumpbons (coded by the letter “G”) made, assumpbons (coded by the letter “A”) made, 
the protecbve features (coded by the letter “F”) credted, and reqmments (coded by the letter 
“R”) specified m the evaluabon o f  contamer explosion scenanos The scenanos to whuch each 
assumpbon, feature, or requrements applies are listed m the table along wth the mpact o f  the 
assumpbon, feature, or requmment 

B-FEXPLO- 1 Reduces the llkellhood o f  POC container 
failure from scenarios dealmn with 
natural gas or DrODane exDlosions to 
Beyond Extremelv Unlihlv 

POC Contauter 

Facility Explosion Scenmo 1 Reduces the ldcellhood of explosion or 
fire scenarios due to use of flammable 
gases by one frequency bm 

Flammable Gas Container 

Table 100 Assumptions/Features/Requirements for Facility Explosion Scenarios 

scenmos mpactlng waste contamers 
(200 grams for facility fires and 
contamer explosions) 

(WG PU equivalent) m metal 
drums and 320 grams m metal 
boxes 

Container Radbactive Material 
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R9 

- 
R23 

- 
R24 

R25 

Table 100 Assumptions/Features/Requirements for Facility Explosion Scenarios 

The use of flammable gas m 
Room 135, Room 142, 

FEATUREIREQTXREMENT 
Metal waste drums cannot be 
breached by an external 
explosion peak overpressure 
less than 22 psig 

B-FEXPLO- 1 
Facility ExDlosion Scenano 1 

CODE RRQUIREMENTiMPACT 
Facility Explosion Scenano 1 Lunits the MAR associated with facility 

explosions to contamers breached by 
fallmg debns versus dmct explosion 
unpacts 

Mdcrl Wmte Drum I 

The flammable gas mventory 
tn Room 134, 
Room 140/141/153, 
Room 151, Room 155, 
Room 166, Room 170, and 
Buildmg 998 shall be lunited to 
150 !I? 

I I 

I Facility Explosion Scenano 1 

A hot work control program 
shall be unplemented to make 
flammable gas explosions m 
areas contammg staged, stored, 
or m-process (I e ,  GEN 
activity) radioactwe matenal 
unlikely events 

The glass pane wmdow m 
Room 166 shall be covered or 

Facility Explosion Scenano 1 

B-FEXPLO- 1 

Reduces the llkelrhood of  facility 
explosions potentnlly mpactmg 
radioactwe matenal by one hquency 
bm 

Hot Work Control 

Llmits the MAR associated with facillty 
explosions to contamers breached by 
falllng debns versus dm3 explosion 
unP- 

Use of FIanvMblc Gm in Room 135, 
Room 142, Room 143, Room 148, 

Room 158, and BuWing 996 is 
Rohibited 

Lrmits the MAR associated with facility 
explosions to contamers breached by 
fallmg debns versus dmct explosion 
MP- 

FIcunmabe Cas Inventory 

Reduces the ldcehhhood of gas gettmg 
mto Room 166 with a subsequent gas 
:xplosion that can mpact waste 
:ontamers stored m the room to a 
5eyond extremely unlikely event 

3uDerceded bv Room 166 Waste Storage 
Restrictions rR26] 
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Table 100 Assumptions/Features/Requirements for Facility Explosion Scenanos 

I I ASSUMFTION/CREDI'EED 1 SCENARIO I ASSUMPISION/FEATURE/ 1 
FEATURJUREQUIRE~NT 

store POC contamers. metal 
waste containers other than 
POC containers are prohibited 
ftom storage m Room 166 

Room 166 can only be used to 
CODE 

B-FEXPLO- 1 
REQWREMEWFlMpxcT 

In combmanon with POC confainer, 
reduces the ldcelihood of a natural gas 
explosion 111 Room 166 impacting 
radioactive matenal to a Bevond 
Extremelv Unlikelv event 

. 

Resfrid Room 166 Storage to POC 
Containers 
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5.8 CRITICALITY SCENARIO ACCIDENT ANALYSES 

5.8.1 Cribcality Scenario Development and Selecbon 

Two boundmg cnbcality scenanos were idenbfied in Secbon 4 3 6 7, Bounding 
Criticality Scenarios Determination The first, B-CRIT- 1, involves the unlikely rearrangement 
of an enhre room or area of TRU waste containers resultmg from facility structural failures 
leadmg to a cnticality and mvolving the extremely unlikely rearrangement of an entue room or 
area of POC contamers resulbng from facility structural falures leadmg to a cnbcality The 
second, B-CRIT-2, mvolves the extremely unlikely rearrangement of an entre room of TRU 
waste contamers resultmg h m  a flammable gas explosion leadmg to a cnticality Each of these 
boundmg scenarros are further defined m the follounng &scussions 

5.8.1.1 Facilitv Structural Falure Induced Cnticalitv Scenano DeveloDment and Selection 

The Buildmg 991 Complex has many areas idenbfied for the storage of "RU waste and 
POC contamers (HazardEnergy Source 4B) The cnbcality scenano bemg evaluated is a result 
of a structural falure due to collapse of a tunnel (Tunnel Degradabon and Leakage, 
HazardEnergy Source 13C) or due to falure of the floonng (Floor Loadmg, HmardEnergy 
Source 13E) The spill accident analysis m Semon 5 4 1 2, Facility Structural Failure Spill 
Scenario Development and Selection, idenbfied a reqwemeqt that storage of waste containers 
in CorridorC is prohibited, ReqwementR19 Smce CorndorC is the only tunnel area 
currently believed to be suscepbble to degradabon and subsequent collapse, unposmg 
Reqwement R19 ellminates the cnticality scenanos dealmg wth collapse of a tunnel 

The falure of the floonng (whch can lead to a cntxality) is also addressed in the spill 
accident analysis m Secbon 5 4 1 2, Facility Structural Failure Spill Scenario Development and 
Selection As mdcated m the spill analysis, the Room 153 hallway rurmng h m  east to west m 
the north waste storage areas may be used to store up to appromately 100 drums The fissile 
gram equvalent mhoactive matenal mventory of the 100 drums would be 20,000 grams usrng 
the container fusionable material loading assumpbon m General Assumpbon G12 
Assumphon A9 lndicates that at least 10,000 grams of plutomum omde is r e q m d  to yield a 
cnbcality mvolvmg waste matenal (Ref 32) Therefore, the entue hallway mventory exceeds 
the fissionable matenal threshold for a cnticality and requres further analysis, as provided 
below 

The cnticality event due to a floor collapse is postulated to occur as a result of a 
combination of (1) contamer breaches freeing fissionable matenal for collection, (2) floodlng 
due to the rupture of pipmg in the basement comdors followng floor collapse, and (3) collection 
of the freed fissionable matenal by the flood waters into a cntical configuration The basis 
behnd Assumption A9 indicates that more than 10,000 grams of plutomum oxide containing no 
more than 1 5 wt% water, at full density, and reflected by an effectively infinite thickness of 
water IS required to acheve a cnticality If the plutomum oxlde remamed "dry" dunng the 
flooding event and was just surrounded by water, the application of thls assumption would be 
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appropriate However, the flooding event followng contamer breach can produce a slurry of 
plutomum wth a more appropnate limit to cnticality of 450grams It is assumed that the 
potenbal exlsts for breached contamer inventones to be camed by the flood water into a slurry 
configuration in the basement 

The evaluated floor collapse scenano assumes that the waste contamers brought into the 
complex meet metal waste container specifications, therefore, the number of actual breaches of 
contamers due to structural nnpact from the floor collapse are reduced due to the strength of the 
contamers The number of waste contamers that could potenbally be mvolved m the accident is 
the total inventory m the hallway ( I  e , approximately 100 drums). The drums stored m the 
hallway wll be separated m groupmgs of drums so as not to block doorways and other opemgs 
Assurmng that all 1OOdrums are in one locabon is a consenatwe assumpbon It is also 
considered conservabve to assume that a total collapse of the floor occurs if the floor loadmg 
reqmments are exceeded Of the total number of drums mvolved m the accident, it is estmated 
that approxunately 10% of these drums are damaged and breached to a pomt where a radloacbve - 
matenal exposure to flood waters can occur (consistent wth the assumpbons presented m 
Secbon 5 4 1 2, Facility Structural Failure Spill Scenario Development and Selection) If a 
contamer is breached, it is conservatively assumed that 100% of the fissionable matenal m the 
contamer is unpacted by the flood water Therefore, based upon these assumpbons, the potenhal 
amount of fissionable matmal avadable for collecbon m tlvs scenario is 2,000 grams (1 00 drums 
x 200grams/dnun x 10% DR x 100% matenal avadable for collecbon). Thrs quanbty of 
matenal exceeds the 450grams of plutomum threshold for a cntnlity However, the 
assumphon that 100% of the racboactwe matenal 111 the breached container exits the container 
and collects mto a cnhcal configurabon does not account for numerous mechanisms that can 
keep the matenal on the contammated surface or rn the contamer 

It is difficult to d e t e r n e  how much of the 2,000 grams of plutomum can mgrate from 
breached contamers to a smgle location The srngle location could be created as a “pool” area 
amongst the floor collapse rubble that would support a cntml configuration or could be the 
basement dramage system (I e ,  satlltary waste system) 

Secbon 5 4 1 2, Facility Structural Failure Spill Scenario Development and Selection, 
indicated that breachmg of POC contamers due to floor collapse scenanos is a beyond extreme& 
unlikely event Therefore, the only form of matenal involved m the potenbal cnbcality comes 
from contammated wastes TRU waste matenals can range from contammated metal parts to 
contammated paper products The radioactive matenal component of the TRU waste can range 
from loose surface contammation to fixed contammation to matenal trapped m a solid matnx 
(e g , cemented wastes, micro-encapsulated wastes) The actual waste matenal could be directly 
exposed to the water spray from the broken pipe, could be impacted by water as it nses in rubble, 
or could be located away from any water impact Given all these vanables, it is conservatwely 
assumed that the radioactive matenal component of the breached contamer wastes has a 
“collechon” release fraction of 0 1 This “collection” release fraction is the amount of matenal 
from the breached contamers that is impacted by the water and enters into solution to be camed 
to the “pool” area in the rubble or to the drainage system 
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The collection release fiaction of 0 1 is equivalent to the ARF value associated with the 
contamer explosion scenarro The energy involved m the ventmg of p r e s s m d  gases over 
unyielding, contarmnated surfaces is sigmficantly more than the energy associated with 
contaminated surface exposure to water spray or nsmg water Therefore, the energy acbng on 
the contammated matenals from the floodmg event would be conservatively bounded by usmg 
an ARF value for a hlgher energy scenano However, this argument does not account for the 
entry of contammation mto solution (I e ,  chemcal acbon rather than physical acbon) The 
justificat~on for and conservabsm associated with the 0 1 collection release W o n  m a floodmg 
situation is as follows 

some of the raloacbve matenal wl l  be trapped m a solid matnx that is not 
suscepbble to mpacts by water (I e ,  contamnabon remains m matnx), 

some of the d o a c t w e  matenal wll  be fixed surface contarmnaton that wll have a 
small collecbon release k b o n  when exposed to a water stream and an even smaller 
collecbon release fiacbon when exposed to slow momg water that is nsmg around 
the contsuner (z e ,  contammabon rem- on exposed surface), 

some of the radroacbve matenal wl l  be loose surfixe contanunahon that wll  enter 
mto solubon but not leave the confines of the contamer due to the configurabon of 
plasbc baggmg and onentation of the contamer (I e ,  breach m contamer is onented 
up, contammatIon enters solubon but collects m the bottom of the contamer, 
contaxnumbon rem- m breached contamer), 
some of the d o a c t w e  matenal is not m the water spray and is above the level where 
water can unpact due to the contamer bemg on top of the rubble or other contamers 
(I e ,  exposed contamnabon does not enter into solubon), and 

some of the d o a c t w e  matenal that enters mto solution wl l  be collected m 
numerous potenbal pool area due to the configurabon of the rubble rather than 
collected m any smgle pool area of the dramage system (I e ,  contammation is 
dispersed) 

Applying a 0 1 collecbon release hchon  to the 2,000 grams of fissionable material 
exposed by the breachmg of waste contamers conservabvely yields a total of 200grams of 
fissionable matenal that could mgrate mto a smgle location d u n g  the fl&g event Thls 
quantity of plutomum is below the 450 gram threshold for a cnticality Therefore, the floor 
collapse scenano leading to a breach of waste contamers and floolng by broken water piping in 
the basement is not expected to lead to a cnticality (I e ,  it is considered a beyond extrernei'y 
unlikely event) and does not requue further analysis 

5 8 1.2 Flammable Gas Explosion Induced Cnticality Scenano DeveloDment and Selection 

The Buildlng 991 Complex has many areas identified for the storage of TRU waste 
containers (HazardEnergy Source 4B) The cnticality scenano being evaluated is a result of an 
explosion of flammable gas (Propane, HazaraYEnergy Source 5B, or Natural Gas, HazaraYEnergy 
Source 5C) impacting a set of TRU waste containers The propane hazard was intended to 
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represent any of a number of flammable gases that may be used m the Budding 991 Complex 
Acetylene gas was used in the evaluahon of the propane hazard and poses similar, if not greater, 
nsks to the facility than the use of propane due to the explosive yield of acetylene bemg greater 
than that for equivalent quanhhes of propane 

The natural gas hazard was addressed m Secbon 5 7 1, Facility Explosion Scenario 
Development and Selection A requement that the Room 166 glass pane window must be 
covered or eliminated was defined to reduce the lrkelihood that the natural gas hazard can impact 
waste storage areas to a beyond extremely unlikely event An alternative control was defined to 
restrict Room 166 storape to POC containers Due to the difficultv in assunnd confirminn that 
the wndow covennp does Drovide the desired protechon. onlv the restrict Room I66 storape to 
POC containers control is actuallv credted POC containers were excluded from further 
evaluation in exdosion Scenarios based on creditmg Feature F9. whch state that POC contamers 
cannot be breached by any external flammable gas exdosions exmcted dmng facihtv o-perahon 
Th~s reauuements also reduces the likelihood of a natural gas exDlosion in Room 166 impactmg 
POC contamers to a bevond extremely unlikelv event 

Therefore, the propane (or acetylene) hazard is the only flammable gas hazard remaining 
that could uuhate a m e s  of events leadmg to a c n h d t y  The facility explosion accident 
analysis m Sechon 5 7 2, Facility Explosion Scenario 1 - Akplosion in Waste Container Storage 
Area, idenbfied a reqwement that use of acetylene in Room 135, Room 142, Room I43, 
Room 148, Room I58, and Building 996 is prohibited, Reqmment R23 Thls requvement 
addresses acetylene explosion events m rooms wth volumes small enough to result m an 
overpressure of 22psig ( I  e ,  waste drum overpressure failure cntena) Imposing this 
reqwement assures that flammable gas explosions cannot result m overpressure falures of 
contamers The m e c h s m  idenhfied for contamer breach followmg a facility explosion was the 
unpact of debns fiom room ceilmg equpment, &dodged by the explosion, penetratmg waste 
contamers wthm the room A conservahve MAR of 10 TRU waste drums was selected for th~s 
facility explosion scenano analysis Thls MAR selechon is consistent yth the approach taken m 
the Bwldmg 371/374 BIO (Ref 30) but is much more conservahve than the approach taken m 
the evaluahon of the seismc hazard m h s  document (see Secbon 5 9, Natural Phenomena and 
External Event Scenario Accident Analyses) 

Therefore, it is conservahvely assumed that a facility explosion involvmg acetylene or 
propane flammable gas cylinders breaches 10 TRU waste dnuns The fissile gram eqwvalent 
radioactive matenal inventory of the 10 drums would be 2006 grams using the container 
fisionable material loading assumption m General Assumption G12 Assumption A9 mdicates 
that at least 10,000 grams of plutomum oxide is reqwred to yield a cnhcality involvlng waste 
matenal Therefore, it would appear that a facility explosion cannot yield a cnticality due to 
MAR limitations However, the facility explosion could set ofF the automatic spnnkler system 
that would add water to the fissionable matenal and lower the cnticality threshold for the 
accident to 450 grams as discussed in Section 5 8 1 1, Facility Structural Fazlure Induced 
Criticality Scenario Development and Selection 
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The cnbcality event due to a facility explosion is postulated to occur as a result of a 
combinabon of (1) contamer breaches freemg fissionable matenal for collecbon, (2) “floodingy’ 
due to the actuatron of the automatic spnnkler system, and (3) collecbon of the freed fissionable 
matenal by the spnnkler waters mto a cnbcal configuration The f l h n g  event followng 
contamer breach can produce a slurry of plutomum wth a more appropnate l m t  to cnbcality of 
450 grams It is assumed that the potenbal exlsts for breached contamer mventones to be m e d  
by the spnnkler water mto a slurry configurabon However, the assumptron that 100% of the 
radioactive matenal m the breached contamer exlts the contamer and collects mto a cnhcal 
configurahon does not account for numerous mechasms that can keep the matenal on the 
contammated surface or m the contamer 

It is ddXcult to detemne how much of the 2,000 grams of plutomum can mgrate h m  
breached contamers to a smgle locabon The smgle locabon for collecbon of the fissionable 
matenal could be the facility dramage system (z e ,  satzltary waste system) 

The only form of matenal mvolved m the potenhal criticality comes h m  contammated 
wastes TRU waste matenals can range fiom contammated metal parts to contammated paper 
products The radioactrve matenal component of the TRU waste can range fiom loose surface 
contammabon to fixed contammatron to matenal trapped in a solid matnx (eg, cemented 
wastes, mcro-encapsulated wastes) The actual waste matenal could be dvectly exposed to the 
water spray h m  the spnnklers or could be located away fbm any significant water unpact by 
bemg sheltered m the waste contamer Gwen all these vanables, it is conservatively assumed 
that the radioactive matenal component of the breached contamer wastes has a “collecbon’y 
release h t r o n  of 0 1 Ths “colle~onyy release fiactron is the amount of material h m  the 
breached contamers that is impacted by the water and enters into solubon to be carried to the 
dramage system 

The collectron release fiachon of 0 1 is eqwvalent to the ARJ? value associated wth the 
contamer explosion scenano The energy mvolved m the ventmg of pressunzed gases over 
unyieldmg, contammated surfaces is sipficantly more than the energy associated with 
contammated surface exposure to water spray or nsmg water m a contamer Therefore, the 
energy actmg on the contaminated matenals fiom the spnnkler actuabon event would be 
conservatively bounded by usmg an ARF value for a hgher energy s c e d o  However, thrs 
argument does not account for the entry of contammation mto solutron (I e ,  chemcal action 
rather than physical acbon) The jusbfication for and conservatsm associated wth the 
0 1 collection release hction in a water spray situation is as follows 

some of the radioactive matenal wll be trapped m a solid matnx that is not 
susceptible to impacts by water (I e ,  contaminabon remaw m matnx), 

some of the radioactive matenal wdl be fixed surface contamination that wd1 have a 
small collection release fraction when exposed to a water stream and an even smaller 
collection release fraction when exposed to slow moving water that is nsing inside the 
contamer (I e ,  contamination remzllns on exposed surface), 
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Table 102 Assumptions/Features/Requirements for Crihcality Scenarios 

## 
A3 

FEAVQlJIREWm 
Damagmg tunnel falure and 
floor loadmg fa~lures are 
unlikely events, damagmg 
arcraft crashes are extremely 
unlikely events 

- 
A4 

F7 

- 
A9 

POC contamers are unlikely to B-CRIT- 1 
be breached by structural 
member unpacts due to unpact 
angle requuements and weight 
needed to lead to failure 

- 
A22 

POC contamers cannot be 
breached by any external 
flammable gas explosions 
expected dunng oDeration 

Natural gas system failure 
leadmg to an explosion 
unpactmg the facility is an 
extremely unlikely event 

At least 10 lulograms of 
plutonium onde 1s requmd to 
yield a c n b d t y  mvolvlng 
waste matenal 

B-CRTT-2 

No more than 1OOh of 
contammated waste fissionable 
matenal m breached waste 
contamers will migrate out of 
contamers and mto solubon m 
scenanos mvolvmg f l d g  or 
sprinkler actuataon 

- 
F6 

SCENARIO 
CODE 

B-CRJT- 1 

B-CRIT-2 

B-CRIT- 1 
B-CRIT-2 

B-CRIT-1 
B-CRIT-2 

structural member lmpacts due 
to unpact angle requrements 
and weight needed to lead to 
failure 

REQUIREMENT W&CT 
Sets the idcellhood of some mtemal and 
external events 

Sets the llkellhood for facility explosion 
events 

Reduces the llkellhood of cn t ldbes  
from scenanos dealmg wlth less than 
10 lulograms of plutonium contammated 
waste to Beyond Extreme& Unlikely 

Reduces the amount of matenal that can 
be collected m cnticality scenanos 
mvolvmg breached contamers and 
water 

Reduces the Idcellhood of Type B 
shippmg contamer falure for scenanos 
dealmg with structural members 
unpactlng contamers by one fiquency 
bm 

Type B Shi$pmg Contather 

Reduces the lrkellhood of POC contamer 
failure for scenanos dealmg with 
structural members unpactmg contamers 
by one fhquency bm 

POC Container 

Reduces the hkelihood of POC contamer 
failure from scenanos dealmp with 
natural gas or DroDane exrdosions to 
Bwond Extremelv Unlikelv 

POC Container 
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Table 102 AssumptiondFeaturedRequirements for Critacality Scenarios 

c I A ! S U " T I ~  3TBD 1 SCENARIO I AssuMIysIONiFEA!lWREi 
#I 

F 17 
FEATURWftE~WRBMENT CODE REQUIREMENTilWACI' 
Flammable gas contamers are B-CRIT-2 Reduces the ldcellhood of explosion or 

fue scenanos due to use of flammable 
gases by one frequency bm 

F28 

Flammable Gas Contoinu I 
Metal waste contamers cannot 
be breached by falls less than 
four feet 

B-CRIT- 1 

Metal waste dxums cannot be 
breached by an extemal 
explosion peak overpressure 
less than 22 psig r" B-CRIT-2 Lmm the MAR associated with h i h t y  

explosions to contamem breached by 
falimg debns versus dmct explosion 
rmpacts 

I I  
R9 

- 
R19 

R23 

Reduces the ldcelthood of metal waste 
contamer frulure due to dropprog firm 
less than four feet to BeyondI?kh?mt?iy 

A hot work control program 
shall be mplemented to make 
flammable gas explosions rn 
areas contamng staged, stored, 
or m-process ( 1  e ,  GEN 
actmty) radmu%ve matenal 
unlikely events 

B-CRIT-2 

Metal Waste Drum 

The use of flammable gas rn 
Room 135, Room 142, 
Room 143, Room 148, 
Room 158, and Buildmg 996 is 

B-CRIT-2 

Storage of waste contamers m 
Comdor C is prohibited 

B-CRIT- 1 

prohibited 
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Reduces the likelhod of hhty 
explosions potenhally mpacmg 
d o a c t w e  matenal by one fhquency 
bm 

Hot Wor& Control 

Elmmated analysis of structural frulure 
of the comdor and its potenhal mpact 
on the MOI, CW, and IW 

Storage of Watt! Containers in 
Corridor C Prohib&ed 

Llmits the MAR associated with facility 
explosions to contamers breached by 
fallmg debns versus dmct explosion 
unpacts 

Use of Flammable Gas in Room 235, 
Room 242, Room 143, Room 248, 
Room IS& and Building 996 is 

Prohibited 
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Table 102 Assumptions/Features/Requirements for Criticality Scenarios 

The flammable gas inventory 
rn Room 134, 
Room 140/141/153, 
Room 151, Room 155, 
Room 166, Room 170, and 
Buildmg 998 shall be lmited to 
150 

The glass pane wmdow m 
Room 166 shall be covered or 
elmmated 

Room 166 can onlv be used to 
store POC contamers. metal 
waste contamers other than 
POC contamers are Drohkted 
from storaee m Room 166 

B-CRIT-2 Lunits the MAR associated with facility 
explosions to contamers breached by 
fallmg debns versus dlrect explosion 
unpacts 

FIammaMc Gap Inventory 

B-CRIT-2 Reduces the ldcelihood of gas gettmg 
mto Room 166 with a subsequent gas 
explosion that can unpact waste 
contamers stored m the room to a 
beyond extremely unlikely event 

Sumeded bu Room 166 Waste Storage 
Restrichons rR26l 

B-CRIT-2 In combmahon with Poc contaher, 
reduces the ilkellhood of a natural gas 
exDlosion m Room 166 unmctmg 
radioachve matenal to a Bevond 
&tremeIv UnIikeIv event 

Restdct Room 166 Storapc to POC 
Containers 
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5.9 NATURAL PHENOMENA AND EXTERNAL EVENT SCENARIO ACCIDENT 
ANALYSES 

5.9.1 Natural Phenomena and External Event Scenario Development and Selection 

5.9.1.1 Natural Phenomena Scenano DeveloDment and Selechon 

The natural phenomena hazards (NPHs) of concern at the Site and to the Buddmg 991 
Complex were identdied m the hazard evaluahon process and drscussed in Secbon 4 3 6 8, 
Natural Phenomena and External Event Scenarios Determimhon The NPHs that were 
identified are (1) seisrmc events (earthquakes), (2) lightntng, (3) hgh winds and tornadoes, 
(4) heavy ram, floodmg, and fkeemg events, and (5) heavy snow DOE Order 5480.28, Natural 
Phenomena Hazards Mihgation (Ref 44) establishes the policy and reqwments for NPH 
nutigabon for DOE sites and facilihes Gurdance addressmg NPHs is prowded m several DOE 
Standards DOE-STD- 1020-94, Natural Phenomena Hazards Design and Evaluahon Criteria 
for Department of Energy Facilities (Ref 45), DOE-STD-1021-93, Natural Phenomena Hazarh 
Performance Categorazation Criteria for Structures, Systems, and Components (Ref 461, 
DOE-STD- 1022-94, Natural Phenomena Hazards Characteruation Criteria (Ref 47), 
DOE-STD-I 023-94, Natural Phenomena Hazarh Assessment Criteria (Ref 48), 
DOE-STD.1024-92, Guidelines for Use of Probabilistic Seismic Hazard Curves at DOE Sites 
(Ref 49), and draft standard enbtled Lightning Hazard Management Guide for DOE Facilihes 
(Ref 50) Each of the "s identified m the hazard evaluaQon process will be addressed 111 the 
followlng sub-sectlons 

5.9.1.1.1 S e m c  Events 

Based on the &scussions m Secbon 4 3 6 8, Natural Phenomena and Ejrternal Event 
Scenarios Determination, seismc events have the potenbal to uubate (1) unlikely facility fire 
scenanos lnvolvmg LLW and TRU waste contamers, (2) unlikely spill scenarios tnvolvmg LLW 
and TRU waste contamers, (3)extremely unlikely spill scenanos lnvolvlng POC and TypeB 
shppmg contamers, (4) unlzkely puncture scenanos mvolvmg LLW and TRU waste contamem, 
(5)extremely unlikely puncture scenanos lnvolvlng POC and TypeB sluppmg contamen, 
(6)  extremely unlikely facility explosion scenanos mvolving LLW and TRU waste contamers, 
(7) unlikely cnhcality scenanos mvolvlng TRU waste contamers, and (8) extremely unlikely 
cnticality scenanos involvmg TRU waste, POC, and TypeB shppmg contamers These 
frequencies are conservative estimates as determined in the hazard evaluahon and are M e r  
refined in the followng discussions 

The extremely unlikely spill, extremely unlikely puncture, and extremely unlikely 
cnticality scenanos dealing wth TypeB shipping contamers all involve breaches of the 
contamer (Requirement R4 precludes a cnticality of a Type B shpping contamer as long as the 
containers reman intact) Type B shpping containers are assumed to be vulnerable to the same 
falure mechamsms as a POC contamer That is, the containers are vulnerable to focused 
penetration energy (e g , forklift tine, structural member) at the side of the contamers The 
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container integnty is not vulnerable to crushng mechanrsms ( e g ,  ceiling collapse onto an 
up-nght contamer) Given that Type B shpping contamers are only staged in vaults (General 
Assumption G8), whch elunmates any vulnerability to their falling through the floor, and given 
that TypeB sluppmg contamers are not permitted to be stacked (RequrementRl), whch 
eliminates any vulnerability to seismic induced toppling, the vulnerable sides of  the TypeB 
shipping contamers wll not be exposed to structural member unpacts followng the seismic 
event Therefore, the ldcellhood of a Type B shpping contamer breach followmg a seismic event 
IS considered to be beyond extremely unlikely and wll  not be further analyzed 

Facility fires followmg a seismc event may occur, partmlarly m areas o f  the complex 
wth sigmficant combustible loading in close proxmity to electncal equpment The likellhood 
of a fire being mbated m a waste storage area in the complex is considered to be beyond 
extremely unlzkely due to the combustible matenal control program (Requtrement R8), whch 
restncts combusbble loadmg and i p t i o n  sources m waste storage areas Fms are considered to 
be credible m the Office Area, ut~lity rooms, and awuliary buildmgs (e g ,  diesel generator 
building) The seismc event is very ldcely to breach the fire bamers between these suscepbble 
areas and the waste storage areas However, the breach o f  the facility w11 p e m t  hot gases fi-om 
the fire to exlt the facility rather than to mgrate over to waste storage areas The most 
susceptible waste storage area is the West Dock Canopy Area contaumg mdbple LLW crates 
Facility Fue Scenmo4 evaluated a fire involving th~s matenal and the MOI and the CW 
radiological dose consequences were both m the low consequence bm The contnbubon o f  th~s 
type of  fire to the overall seismc event consequences is very small (see NPWEE Scenatlo 1 
whch evaluates seismc-mduced spill y e l h g  hzgh consequences to the CW and moderate 
consequences to the MOI) Therefore, the contnbution o f  facility fk scemmos to releases 
associated wth seismc events is considered to be small compared to the releases due to spills 

The likellhood o f  cnbcality s c e m o s  followmg a seismc event are not expected to be 
any hlgher than those associated wth the floor collapse scenano hscussed m Secbon 5 8, 
Criticality Scenario Accident Analyses Whde more contamers may be breached m the sasmc 
event, the necessary contnbubon o f  water to the debris can only occur m a llrmted number o f  
locations ( I  e , a breach of  a water h e  will cut off all water to other lmes downstream) 
Therefore, the cnticality scenano followmg a seismc event is considered to be a beyond 
extremely unlikely event and wll not be further evaluated 

The likelihood of  seismc-induced facility explosions is imtially estmated to be extremely 
unlikely as compared to the unlikely breach of  containers due to structural member unpacts and 
stack toppling The facility explosion would unpact the contamers in a similar fashion but with 
much lower likelihood For thls reason, the contnbution of facility explosions to the overall spill 
consequences followng a seismic event is considered to be small and w11 not be fiuther 
evaluated 

Therefore, an earthquake is credible and considered to result in a spill scenano as 
evaluated in this section A review of past studies of  the structural adequacy of Building 991 was 
performed to determine the buildmg capacity in accordance wth the seismic probability curves 
in the 1994 Seismic Hazard Analysis (Ref 51) This analysis indicates that the design basis 
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earthquake (DBE) for Buldmg 991 has an occurrence frequency o f  8 11 x 104/yr (annual 
recurrence o f  mean confinement earthquake is 1,233 years) wth a peak ground acceleration of 
0 09 g Thus, a DBE is considered an unlikely event 

Based on the F U R  Review Team Report on Rocky Flats Plant Building 707, (Ref 52)  it 
is not expected that stacks of  boxes or drums wll fall under ground accelerations below 0.3 g, 
unless the earthquake collapses the structure The mmmum peak velocity unparted by an 
earthquake needed to topple the stack is approximately 5 1 inches per second or an accelerabon o f  
about 0 33 g (Ref 52) The peak velocihes listed for earthquakes o f  0 08 g to 0 21 g range fiom 
0 5 inches per second to 4 4 mches per second, much less than that requrred to topple a stack 
Since the DBE for the Bmldmg991 Complex is 0 0 9 g ,  no waste contamer damage fiom 
toppling stacks is expected to occur d m g  the DBE or lesser earthquakes Some collateral 
damage (1 e ,  non-seismcally rated equlpment mpactmg waste contmners) could be expected 

The review o f  the structural adequacy of Bmldmg 991 mdicated that structural falure of 
the bmldmg ( i e , a  Beyond Design Basis Earthquake (BDBE) event), has an occurrence 
Grequency of 3 0 x 104/yr (annd recurrence o f  mean collapse earthquake estunated at 
3,333 years) Thus, a BDBE is considered an unZikeZy event The BDBE event is eshmated to 
have a peak ground accelerabon at bedrock of 0 16 g and is assumed to cause structural damage 
and partial collapse of  the bullding structure The number o f  waste contamers estunated to be 
damaged by a BDBE is based on the number of contamers that would be exposed to absorb the 
impact o f  fallmg objects Addbonally, damage to contamers may result h m  a BDBE with 
intensity greater than 0 33 g causmg drums to t ~ p  over Reference 51 in&cates that it is possible 
that Buildmg991 could be qualified to Performance Category3 by DOE-STD-1020 i f  an 
engmeenng analysis to the cntena m that standard were performed Thls would r e q w  
structural detsuling and connecbons to be checked for seismic capability Smce it cannot be 
conclusively stated that Bullding 991 meets Performance Category 3, the BDBE event wll  be 
analyzed along with the DBE event 

The selected seismic event scenanos evaluated for the Buildmg 991 Complex are 

NPH/EE Scenario1 - DBE Event-Induced Spill: This scenano mvolves a DBE 
resultmg in damage to overhead equpment and matenal that is not seismcally rated 
Thls results in damage to waste contamers m the facility The DBE is an unlikely event 

NPWEE Scenario 2 - BDBE Event-Induced Spill: This scenano involves a beyond 
DBE resulting in structural damage and collapse of  the building and toppling o f  stacked 
contamers Thls scenano is also an unlzkely event and the damage to waste contamers 
w~ll bound all other NPH events that are considered credible for the Building 991 
Complex 

5.9.1 1.2 Lightning 

cnticality (due to facility explosion) scenanos 
Lightmng IS considered a potential igmtion source for facility fire, facility explosion, and 

Based on the discussions in Section 4 3 6 8, 
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Natural Phenomena and Exrernal Event Scenarzos Determznatzon, lightning events have the 
potential to imtiate ( 1 )  unlzkely facility fire scenanos involving LLW and TRU waste 
contamers, (2) extremely unlzkely facility explosion scenanos mvolvmg LLW and TRU waste 
containers, and (3) extremely unlzkely cnticality scenanos involvmg TRU waste contamers 
These frequencies are conservative estmates as detemmed m the hazard evaluahon and are 
fiuther refined m the followmg discussions 

The facility explosion and cnticality scenanos followmg lightrung events are considered 
to be beyond extremely unlzkely events based on the hscussions m Sechon5 7, Faczlzty 
Explosion Scenario Accident Analyses, and Sechon 5 8, Crzticality Scenarto Accident Analyses 
These discussions mdicated that numerous fatlures must occur m conjuncbon wth specific 
facility configurahons for these events to be reahzed The ldcelihood of a lightrung stnke hrttmg 
the specific locahon associated with the facihty configurabon to lead to a facility explosion that 
can unpact waste storage areas is remote The confimhons necessary to achreve a cnhcality 
were already Qsrmssed as beyond extremely udzkely events wth major facility lmpact events 
Lightntng is not expected to yield events as significant as a floor collapse under a waste storage 
area Therefore, the lightrung event is only evaluated for a potential contnbuhon to facility fires 

The buldmg is equpped wth a m e t e r  lightnmg protechon system that mcludes a 
lightrung protechon loop wth ax terminals mounted on the penmeter o f  the roof The lightrung 
protechon system is mtended to reduce the probabdity that lightrung sttrkes wll result m damage 
to buldmg systems or mhate a fire However, the conhtion of the hghtmng protechon system 
is not known, and although there is no reason to believe the system is moperable, it is not 
credited to provide protechon agamst lightnmg strikes The fiequency o f  a lightmng occurrence 
is estmated at 8 x 103/yr based on mformahon m Ref 8 malung this an unlzkely event If a 
lightrung stnke occurs imtiatmg a buldmg fire, the scenano is considered bounded by the 
mtemal event fires presented in Sechon 4 5 3, Faczlzty Fzre Scenario Accident AnaZyses 

5.9.1.1.3 High Wmds and Tomadoes 

Based on the discussions m Sechon 4 3 6 8, Natural Phenomena and hkternal Event 
Scenarios Determznution, hgh wind events have the potenhal to mhate (1) antzczpated spill 
scenanos rnvolwng LLW and TRU waste contamers, (2) unlzkely spill s c e m o s  mvolvmg POC 
contaners, (3)antzcpated puncture s c e m o s  involvmg LLW and TRU waste contamers, 
(4) unlzkely puncture scenanos involving POC contsuners, (5 )  antzcpated cnhcality scenanos 
involving TRU waste contamers, (6) unlzkely cnhcality scenanos mvolving POC contamers, and 
(7) extremely unlzkely cnticality scenanos involving Type B shrpping contamers These 
frequencies are conservative estimates as determined rn the hazard evaluation and are M e r  
refined in the followmg discussions 

Based on the discussions in Section 4 3 6 8, Natural Phenomena and External Event 
Scenarros Determrnahon, tornado events have the potenhal to imhate ( 1 )  unlrkely spill 
scenanos involving LLW and TRU waste contamers, (2) extremely unlzkely spill scenanos 
involving POC containers, (3) unlzkely puncture scenanos involvrng LLW and TRU waste 
containers, (4) extremely unlikely puncture scenanos involving POC contamers, (5 )  unlzkely 
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cnticality scenanos involving TRU waste contamers, and (6) extremely unlrkely cnticality 
scenarios involving POC and Type B shpping contamers These frequencies are conservative 
estimates as determined m the hazard evaluation and are further refined in the followng 
discussions 

High wmds and tornadoes have similar, but lesser, unpacts on the facility as compared to 
seismic events For th~s reason and the reasons presented in Secbon 5 9 1 1 1, Sezsmrc Events, 
hgh wmd- or tornado-induced cnbcahty scenanos are not considered further 

Upon further mveshgation, destructive tornadoes are considered beyond extremely 
unlrkely for the Site (Ref 53) 
Mountam places the complex m a “special wmd area” as defined by bmldmg codes The reason 
for h s  is that certam weather condibons lead to extremely hgh wmds of fwly hquent 
occurrence However, the location is westerly enough so tornado occuntence has a lower 
probability A reassessment of tornado and stmght wmds was performed by McDonald-Mehta 
Engmeers m 1995 (Ref 54), resulbng in updated hazard curves The reassessment showed that 
for exceedance probabilibes greater than 1 O-’/yf , stratght wind clearly dormnates the Site hazard 
However, the reassessment mhcated that atmosphenc pressure change (APC) due to tornadoes 
and wmd generated mssiles should be evaluated 

The location of the Site near the Front Range of the Rocky I 

A report generated by Agbabian Associates (Ref 55) mdxates that the m m u m  I 
allowable load level for wmd for Buddmg 991 is a peak gust of 96 mph The McDonald-Mehta 
report prowdes the followmg equabon for convertmg fiorn peak gust wmd speeds to the fastest 
mle  wmd speeds that are used m the DOE 1020 Standard senes 

Vb = 0 958. Vm- I1  34 

Convertmg the 96 mph peak gust results m an 81 mph fastest mle  wmd bemg the 
maxmum allowable load for Budding 991 However h s  is wmd speed at Bmldmg 991 The 
DOE Standards requre measurement at 10 meters The Site’s 10 meter tower is located 
northwest of the mdustnal area and has recorded a gust of 127 mph (1 10 mph fastest mile) 
(Ref 54) 
building for companson to the 96 mph l m t  using the followng formula (Ref 56) 

The measured wmd speed at the tower must be converted to wmd speed at the I 

Where 

V,, is the wnd speed at the 10 meter tower 
h is the height of the building in meters 
p is a value based on the atmosphenc stability class and location according to Table 103 
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Table 103 Values o f p  for Tower Wind Speed Conversions 

I STABILITY CLASS 1 

Discussion wth expenenced meteorologists mdicates that Bmldmg 991 can be 
considered ground level, however, a value of h = 0 does not give a valid result when used m the 
above formula Furthermore, the discussion mhcated that thep value correspondmg to Urban, 
Stability Class D should be used By usrng the values V,oc, = 127 mph, h = 1 my andp = 0 25, it 
is d e t e m e d  that the 127mph peak gust recorded at the tower was a gust of 71 mph at 
Building 991 The formula can be rearranged to solve for the wmd speed at the tower if the wmd 
speed at the bmldmg is known l k s  is desirable for compmson to the wmd speeds for vmous 
Performance Categones presented m the McDonald-Mehta report Srnce the DOE standards use 
fastest mile speeds for cornpanson, a value of V =  81 mph wl l  be used By usmg the values 
V = 8 1 mph, h = 1 my and p = 0 25, it is deterrmned that the rnaxmum allowable load is a fastest 
mile wnd speed of 144mph measured at lometers The 144mph fastest rmle wmd speed 
corresponds to a peak gust of 162 mph The McDonald-Mehta report mchcates that the 
Performance Category 3 (PC-3) fastest mle  straght wmd design wmd speed is 139 mph, thus 
Building 991 exceeds the PC-3 cntena 

An alternate approach for evaluating the wnd loads on the Bmldmg 991 structure has 
also been developed (Ref. 57) 'Rus alternate approach mdxates that the fastest rmle wmd speed 
that the Bmldmg 991 structure could wthstand is 162 mph The McDonald-Mehta report 
indicates that the PC-4 fastest mle  stmght wmd design speed is 161 mph, thus Bmldmg 991 
would meet the PC-4 cntena if the alternate approach is used 

Since most of the buildmg was designed to withstand the overpressure associated with the 
blast of a 2,000 pound bomb, it is expected that wth the exception of Room 166 and Room 170 
all waste storage areas are unaffected by APC The damage to waste contamers wthin 
Room 166 and Room 170 would occur, slmilar to the earthquake mhated spill, due to mpact by 
falling structural components of the budding The fiequency and consequence of the earthquake 
initiated spill scenano, NPWEE Scenurro 2 - BDBE Event-Induced Spill, bounds APC imtiated 
spills because the earthquake has a greater potential to involve more matenal and has a lower 
capability to disperse the release than an APC scenano 

DOE-STD-1020-94 provides charactenstics of wnd missiles to be considered and 
recommended missile barners The only waste storage areas the timber plank missile is assumed 
to penetrate are Room 166 and Room 170, since all other areas are protected by at least 8 inch 
reinforced concrete walls and at least 4 inch reinforced concrete roofs The steel pipe missile 
additionally penetrates the waste storage area in Room 134 since the roof is only 4 inch 
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reinforced concrete All other wastes storage areas are protected by at least 12 rnch reinforced 
concrete walls and 12 rnch reinforced concrete roofs The damage to waste contamers wtlun the 
building would occur due to unpact by the missile and would mpact relatively few contamers 
before all the energy associated wth the missile was spent The frequency and consequence of 
either earthquake mtiated spill scenano, NPWEE Scenario 1 - DBE Event-Induced Spill or 
NPWEE Scenario 2 - BDBE Event-Induced Spill, bounds wmd missile initiated spills because 
the earthquake has a greater potential to mvolve more matenal and has a lower capability to 
disperse the release than a wmd missile scenano 

Tornado and hgh wnd events are not further analyzed 

5.9.1.1.4 Heavy Rain, Floodmg, and Freemg 

Based on the &scussions m Sechon 4 3 6 8 ,  Natural Phenomena and External Event 
Scenarios Determination, heavy rrun events do not have a credible potenhal to mhate any 
scenanos, floodmg events do not have a credible potenhal to mhate any scenanos, and h z m g  
events do not have a c d b l e  potenhal to mtiate any scenanos (f lodng scenanos have little 
impact due to lack of contammation) The Ilkellhood of these mtiatmg events is further 
evaluated for completeness of the Safety Analysis, even though the event mpacts are rmnunal 

DOE-STD-1020-94 reqwes selecQon of a design basis flood (DBFL) based on a 
probabilistic flood hazard assessment as descnbed m DOE-STD-1023-95 The Rocky Flats 
Plant Drainage and Flood Control Master Plan (Ref 58) does not meet DOE-STD-1023-95 
requirements, but is the best analysis the Site has The Plan analyzed 25-and 100-year events, 
and determmed that the area around Bmldmg 991 was suscephble to floodmg durrng 10- and 
25-year events The transformer, Bulldmg 989, and Burldmg 984 are vulnerable durvlg 10-year 
events, whle the southeast starwell to the basement and the West Dock Canopy Area are 
vulnerable d u n g  25-year events Further analysis was later performed for 2-, 5-, lo-, and 500- 
year events (Ref 59) 

DOE-STD- 1020-94 reqillres consideration of several different flood events and 
combinations of events The combmations are presented m Table 104 below 
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PRIMARYaAzARD 

Rwer Flooding 

I DamFmlure I Not applicable smce no dams are above dramage areas into the Site. I 

EVENT C O ~ A l X O N $ ~ ~  DISCUSSION 
4 

Not applicable smce no nver~ are near the Site 

Local Precipitation Runoff Flooding Applicable, discussed below 
Pondinq Applicable, Qscussed below 
Ram and Snow Applicable, discussed below 

I Snow I Applicable, Qscussed below I 

Storm Surge, Seiche 

Levee or Dlke Falure 

1 Tsunami I Not applicable smce no Means are near the Site I 

Not applicable smce no large W e s  of water are near the Site 

Not applicable smce no levees or ddces are above h n a g e  areas mto the 
Site 

Runoff Flooding The 1' floor elevabon of Bulldmg 991 is 5,935 feet The elevabon of the 
500-year flood is 5,933 1 feet Discussion wth Surface Water Group personnel mdicates that 
even a 10,000-year flood level would be below the ld floor level However, Building 996 is 
apprownately 1 foot lower than the la floor, although st111 8 mches above the 500-year level, and 
may be more suscepbble to floodmg If 1 foot of water (la floor level) got mto the Bmldmg 996 
waste storage areas no adverse impacts to MAR are expected Runoff floodmg is not Qscussed 
further 

Pondinq If the pmary roof dram are blocked, secondary dramage wll occur at a height of 
12 mches above the roof over the parapets Smce one cubic foot of water weighs 62 43 pounds, 
this corresponds to a loadmg of 62 43 psf The roof was designed to be capable of supportmg a 
load of 35 psf, whch corresponds to a water depth of 6 73 mches 

Ram data from the Site SAR (Ref 53) was extrapolated by using Microsoft Excel to I 
generate a trend-line that corresponded to the data The equation of the trend-lme was then used 
to calculate the extrapolated frequencies for larger ram events The extrapolation is provided in 
Figure 17 
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inches of rain 6 73 inches 

Figure 17 Frequencies for Heavy Fhns Based on Site Data 

The frequency of exceedance for 6 73 lnches of ram m a 24-hour penod is shown to be 
Thus even if all roof dmns are plugged, the probability of roof fsulure and less than lO'"/yr 

release of radioactive matenal is beyond extremely unlzkei'y Pondmg is not discussed further 

Ram and Snow It is expected that the snow followed by rarn event wll be smilar to and 
bounded by the snow event descnbed below Typically this event would occur m the spnng, and 
would not be accompamed by a hard freeze that would prevent the roof h n s  from worlung 
Ram and snow are not discussed fixher 

5.9.1.1.5 Heavy Snow 

Based on the discussions in Section 4 3 6 8,  Natural Phenomena and External Event 
Scenanos Determmatzon, heavy snow events have the potential to irutiate (1) antzczpated spill 
scenanos involvmg LLW and TRU waste contamers, (2) unlikely spill scenanos involving POC 
containers, (3) extremely unlrkely spill scenanos involving Type B shipping contamers, 
(4)  antzczpated puncture scenanos involving LLW and TRU waste containers, ( 5 )  unlikely 
puncture scenanos involving POC contamers, (6) extremely unlrkely puncture scenanos 
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involving Type B shppmg contamers, (7) antzczpated cnhcality scenarios involvmg TRU waste 
contamers, (8) unlzkely cntIcality scenanos involving POC contamers, and (9) extremely unlzkely 
cnticality scenanos involving Type B shpping contsuners These fkequencies are conservative 
estimates as determined in the hazard evaluation and are further refined in the followng 
discussions 

The extremelv unlrkelv spill. extremelv unlzkeIv vuncture, and extremelv unlrkelv 
cnticalitv scenanos dealing wth TyDeB shDping contamers all mvolve breaches of the 
container (Reauirement R4 precludes a cnticalitv of a TvDe B s h p ~ m ~  contamer as long as the 
containers remam mtact) TvDe B shivping contamers are assumed to be vulnerable to the same 
failure mechmsms as a POC container That is. the contamers are vulnerable to focused 
penetration energy (e P. forklift tme, structural member) at the side of the containers The 
container intentv is not vulnerable to crushing m e c h s m s  ( e n .  ceilme collavse onto an 
up-nght container) Gwen that Tme B shiming contsuners are only staged in vaults (General 
Assumption G8). which e l m a t e s  any vulnerability to ceilmg collame. the vulnerable sides of 
the Type B shDDina contsuners wl l  not be exposed to structural member impacts followng the 
heavv snow event Therefore, the likelihood of a T m  B shlpping contamer breach followng a 
heavv snow event is considered to be bevond extremelv unlzkelv and wl l  not be further analyzed 

The likelihood of cntIcalitv scenanos followng a heaw snow event are not expected to 
be any hgher than those associated wth the floor collapse scenano discussed in Section 5 8, 
Crzticalztv Scenarzo Accident Analvses Therefore. the cntIcalitv scenario followng a heavy 
snow event is considered to be a bevond extrernelv unlzkelv event and wl l  not be further 
evaluated 

A heaw snow-mduced facility collapse is considered to be credible and results m a spill 
scenano as evaluated in this section As discussed above. the roof has been analyzed to be 
capable of sut>Dorting a load of 35 psf The Snow Booklet (Ref 60) indxates that snow density 
has a lognormal distnbuhon and that the range of conversions is from 25mnches of 
snow = 1 inch of water to 100 inches of snow = 1 inch of water, wth the maiontv of the results 
about 10 inches of snow = 1 inch of water Assummg 5 inches of snow = 1 mch of water i s  a 
sufficiently conservative conversion for use in d e t e m m g  roof failure. As discussed above, a 
35 psf load corresmnds to 6 73 inches of water or 33 7 inches of snow 

Snow data from a calculation suDDorting the Site SAR (Ref 61) was extrapolated by 
using Microsoft Excel to generate a trend-line that corresvonded to the data The eauahon of the 
trend-line was then used to calculate the extrapolated freauencies for larver snow events The 
extraDolation is provided in Figure 18 

The frequency of exceedance for 33 7 inches of snow is shown to be less than lO-’/vr in 
Figure 18 Thus. the probability of roof failure and release of radioactive matenal is unlzkelv 
The damage to waste containers would occur. similar to the earthauake initiated svi11. due to 
impact by falling structural components of the building The number of waste containers 
estimated to be damaged bv a heavv snow-induced roof collapse is based on the number of 
containers that would be exposed to absorb the impact of falling obiects 
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Figure 18 Frequencies for Heavy Snows Based on Site Data 

The selected heaw snow event scenano evaluated for the Buldmg 991 Comulex is 

NPH/EE Scenario3 - Heaw Snow Event-Induced SDill: This scenario involves a 
heaw snow resulhng: in structural damage and collapse of the building "hs  scenmo is 
an unlzkelv event 

5.9.1.2 External Event Scenano Develoument and Selection 

5.9.1.2 1 hrcraft Crashes 

Based on the discussions in Section 4 3 6 8 ,  Natural Phenomena and External Event 
Scenarios Defermznafzon, arcraft crash events have the potential to initiate (1) extremely 
unlikely facility fire scenanos involving LLW and TRU waste contamers, (2) extremely unlzkely 
spill scenarios involving LLW and TRU waste containers, (3) extremely unlikely puncture 
scenanos involvlng LLW and TRU waste containers, and (4) extremely unlikely cnticality 
scenanos involving TRU waste containers The actual aircraft crash frequency will be further 
evaluated to determine if any of these scenanos is credible 
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The frequency of occurrence for a small ancraft crash as a function of target area has 
been analyzed in Emergency Planrung Technical Report, 97-EPTR-004, Analysis of Aircrafi 
Crash Accidents at the Rocky Flats Environmental Technology Site (Ref 62) In terms of 
frequency, the greatest numbers of ancraft are represented by the small plane category associated 
wth the Jefferson County A p r t  due to its operahonal volume and the closeness to the Site 
The crash of a large arcraft at the Site is screened out as a possibility in 97-EPTR-004 Denver 
International Airport and the 5-60 Jet Route are also screened out from the analysis usmg the 
methodology of the DOE Standard on analysis of amraft accidents (Ref 63), because the auport 
is more than 12 mles from the Site and the center of the jet route is more than SIX mles fiom the 
Site The techrucal report concluded the accident frequency involvmg Site facilihes has been 
detemned to be 7 67 x lo4 accidentdsquare mle-year Usmg the methodology of the DOE 
Standard (Ref 63), the effectwe area for an arcraft crash was calculated and d e t e m e d  to be 
4 00 x The Office Area was excluded when this area was d e t e m e d  
Mulhplymg this fiequency by the effectwe area of Bmldmg991 results m a fiequency of 
Occurrence of 3 07 x loa arc& crashedyear Thls fiequency is 111 the extremely unlrkely 
frequency bin The DOE Standard b c t s  considerahon of "cnt~cal areas," possible unpact 
approaches, and features that would act to limt the slud &stance into the facility Perforahon 
due to arcraft crash was considered m 97-EPTR-004 The conclusion was that Smgle, T w ,  and 
Turboprop avcraft would not perforate structures wth 12 mch reinforced concrete walls and 
4 inch reinforced concrete roofs The only non-office areas of Bmldmg 991 that do not meet this 
cntena are Room 166 and Room 170 Room 166 is constructed of concrete block walls whle 
the vulnerable west end of Room 170 is of steel beam and sheet metal construchon The three 
categories of concern are grouped into a category called general awahon in the DOE standard A 
crash into each of these rooms was evaluated and the frequencies summed to detennine if an 
aircraft crash could be screened out 

square miles 

Room 170 is conservahvely estunated vulnerable m a 180" arc that approxunates a 
diagonal from the northwest corner to the east dock door The slud distance was assumed to be 0 
smce the retamng wall west of the bmlding would prevent shds fiom that duechon and smce 
the room is elevated from ground level, whch would prevent sluds fiom the southem dmcbon 
When these factors, along wth the room dunensions are considered, the resultant crash 
frequency is 5 44 x IO-'/yr 

Room 166 is conservatively estunated vulnerable in a 180" arc that approxlmates a 
diagonal from the northeast comer to the southwest comer The slud distance was assumed to be 
0 feet since (1) the room is elevated from ground level, wluch would prevent sluds from the 
south and east directions, (2)threelarge utility poles are directly east of the room, 
(3) Building 989, a concrete block building, is southeast of the room, and (4) wetlands, wluch 
reduce skid distance, are located east of the room When these factors, along wth the room 
dimensions are considered, the resultant crash frequency is 2 96 x 1 O-7/yr 

The sum of the crash frequencies for both rooms is 8 36 x 10-7/yr , whch is less than the 
Therefore, arcraft crashes into the 1 00 x 104/yr screerung cntena of the DOE Standard 

vulnerable TRU waste storage areas of Building 991 are not evaluated further 
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5 9.1.2.2 Range Fms 

Based on the discussions in Section 4 3 6 8, Natural Phenomena and External Event 
Scenarios Determination, range fire events have the potenbal to imtiate (1) extremely unlikely 
facility fire scenanos mvolving LLW and TRU waste contamers 

Range fues were considered but not evaluated further because o f  insigmficant 
radiological consequences Range fires have occurred on and near the Site, but are not expected 
to challenge the Buldmg 991 Complex This is because the protected area boundary, roadways, 
and parlung lots provlde a substanbal fire break and the Site Fire Department has adequate 
procedures and t r m g  to suppress a range fire on the Site 

5 9.1.2.3 Stabon Blackout 

Smce the Buldmg 991 Complex has no sipficant contmmahon or loose d o a c t w e  
matenal (see Secbon 4 1 3,  Radioactive Materials (HazardEnergy Source 4)), no unpact from a 
station blackout event is expected 

Therefore, there are no external event scenanos evaluated for the Buldmg 99 1 Complex 

5 9.2 NPH/EE Scenario 1 - DBE Event-Induced Spill 

Thls accident scenano is discussed below and IS summanzed m Table 106 located at the 
end of  Secbon 5 9, Natural Phenomena and External Event Scenario Accident Analyses 
Protective features idenbfied in the discussions that follow will be mdrcated m bold iialicized 
text 

Accident Scenano 

A DBE event is postulated to occur mpactmg the POC and TRU waste storage areas m 
the Buildmg991 Complex POC and TRU waste contamers stored in Bulchg991 are 
considered to be susceptible to earthquake mpacts Contamers that are mpacted may be 
breached by fallmg debns (eg,overhead cranes, heatmg, venblatmg, and an CondrQonmg 
(WAC) ducts, etc ) and other overhead equpment that is not seismcally rated The buldmg 
structure and roof is expected to remam intact m a DBE event and stacked waste contamers are 
not expected to topple in a DBE event The exposed upper tier o f  waste contamers is assumed to 
be susceptible to impact from the falling debns The breached contamers from the falling debns 
do not spill the contamer contents from the breach since the breach is at the top or upper portion 
of the contamer Since the breaches do not result in radioactive matenal “flowng” from the 
breach, as is the case in the forklift bne puncture o f  contamers (see Secbon 5 5 ,  Puncture 
Scenario Accident Analyses), these contamer breaches are analyzed as a confined matenal 
releases A ground-level (non-lofted) release of  the radioactive matenal is assumed The spill is 
a short duration event and a minimum duration release (1 0 minutes) is analyzed 

POC and TRU waste contamers stored in tunnels and vaults ( i  e ,  Bmlding 996 and 
Building 998) are assumed to not be impacted by the DBE event ( I  e ,  no falling debns due to 
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mimmal overhead matenal) A concurrent fire, caused by the earthquake, is not considered due 
to the low combustible loadmg in the waste storage areas 

Scenario Modeling Assumptions spill, confined matenal, 10 minute durabon, non-lofted 
plume 

Accident Freauencv 

The llkelihood o f  h s  postulated accident scenmo is unlikely based on the review o f  the 
structural adequacy o f  the buldmg (Ref 51) An occurrence fkquency of a DBE event is 
estimated at 811 x lo4& As stated above, a concmnt  fire wth the DBE is considered beyond I 
extremely unlikely due to the credited combustible material control program that lmts the 
amount of  combusbbles in waste storage areas 

% 

Scenario Modeling Assumptions unlikely event 

Matenal-At-hsk 

The POC and TRU waste contamers stored m Buldmg991 are unpacted by the DBE 
event due to fallmg debns (e g , overhead cranes, HVAC ducts, etc ) that can fall onto exposed 
contamers and lead to a breach o f  a fiaction o f  the contamers 

As a conservabsm m the analysis, the Buldmg 991 Complex mventoqy is assumed to be 
composed of only TRU waste drums rather than a mucture of POC contamers and TRU waste 
contamers Thls is conservabve because POC contamers are more resistant to breaches than 
TRU waste contamers (companson o f  FeatureF3 wth FeatureF5, statement o f  FeatureF7, 
compmson o f  Feature F10 wth Feature F12, compmson o f  Feature F13 and Feature F14) and 
analysis of  the POCs mdcates that they are not suscepbble to breach fiom fdlmg matenal unless 
they are unpacted on the side Smce no waste contamers are expected to topple, the unpact on 
exposed contamers mil be on the top of the contamer Therefore, the analysis o f  the DBE event 
mduced spill release wll be performed using TRU waste drums only 

It is assumed that 10% o f  the exposed drums (drum lids exposed to the ceilmg) m the 
facility wll be subject to debns from the partial collapse o f  Bmldmg 991 The 10% value is 
based on engineenng judgment and is believed to be conservative since the facility is not 
collapsing and the limited amount of  overhead matenals avalable in the facility to fall onto 
drums There are overhead cranes in Room 134 and Room 170 that could potenbally impact 
waste contamers and the HVAC ductwork only covers a small portion of the total ceiling area 
Of the drums subjected to falling debns, it is assumed that 10% of  the drums are breached to the 
point of losing confinement o f  radioactive matenal contents ( I  e , penetrabon of  drum and 
internal packaging) The 10% value is also based on engineenng judgment and takes mto 
account the strength of the drums ( I  e , metal waste druidcontainer controls) and the types of 
overhead matenals that may fall (I e , limited amount of  heavy, penetratmg overhead matenals) 
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A conservative estimate of the number of TRU waste drums that can be stored in 
Building 991 is 4,032 drums (excludes 760 drums fiom Budding 996 and Building 998) Thls 
estimate is based on the followng assumed room inventones and staclung arrangements 

Room 134 
Room 135 
Room 1401141 
Room 142 
Room 143 
Room 147 
Room 148 
Room 151 
Room 153 
Room 155 
Room 158 
Room 166 
Room 170 

850 drums total 
24 drums total 
600 drums total 
80 drums total 
300 drums total 
60 drums total 
20 drums total 
400 drums total 
104 drums total 
120 drums total 
56 drums total 
650 drums total 
768 drums total 

2 13 exposed drums 
24 exposed drums 
200 exposed drums 
40 exposed drums 
100 exposed drums 
60 exposed drums 
20 exposed drums 
134 exposed drums 
52 exposed drums 
120 exposed drums 
56 exposed drums 
163 exposed drums 
192 exposed drums 

2 12 drums on upper her 
no drums on upper tiers 
200 drums on upper her 
no drums on upper hers 
100 drums on upper tter 
no drums on upper hers 
no drums on upper hers 
133 drums on upper her 
no drums on upper tters 
no drums on upper hers 
no drums on upper hers 
162 drums on upper ber 
192 drums on upper her 

The above room loadmg assumphons are not mtended to be restnchons on room 
inventones or staclung arrangements but are used only as estunates o f  the buldmg mventory for 
the purposes of determhng appromate DBE consequences Conservahve assumphons deallng 
wth damage factors, mventones, and contamer contents that go mto the MAR estunate for the 
DBE accident scenano are expected to cover all vanahons of the drum totals and staclung 
arrangements except for sipficant departures (more than 25% mcreases) from the above 
assumptions 

The total number of exposed drums in Bmlding 99 1 ,  based on the above assumph~ns, is 
1,374 drums Talung 10% as bemg subjected to debns and the 10% of those subjected to debns 
that are penetrated yields approxlmately 14 drums that are breached by fallmg debns The 
resulting damage rat10 (approxmately 14 drums out of 4,032 drums are breached) IS 
approximately 0 35% As added conservatism, the analysis assumes that the overall eqwvalent 
damage ratio is 0 5% whch yields 20 drums being breached by the DBE event 

A container radioactive material loading limit is credited for limiting TRU waste drum 
contents to a maximum of 200 grams of  WG Pu (or equivalent) Under an assumption that the 
inventory IS composed entirely o f  TRU waste drums, the total mventory for the Budding 991 
(excluding Building 996 and Bwlding 998) is estimated to be 806 4 lulograms of  WG Pu (or 
equivalent) Thls is not a restnction on the Building 991 inventory Usmg the conservative 
overall equivalent damage ratio of 0 5%, the total effective MAR for the DBE resulting in the 
breach of  the waste container(s) is approximately 4,OOOgrams of WGPu (or eqwvalent) A 
blended DCF of 3 3E+07 is used to conservatively account for the population- of  waste 
container IDCs, some of  which should be modeled wth Solubility Class W and some of which 
should be modeled wth Solubilitv Class Y 
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Scenario Modeling Assumptions 806 4 kilograms, blended DCF, DR = 0 005 [20 drums, 1 
4,000 grams aged WG Pu] 

Accident Consequences 

The radiological dose consequences o f  DBE induced spills involving TRU waste 
containers were onpinally assessed to be high for both the MOI and CW since the evaluated 
MAR was neater than 157 gram s (WG Pu eauivalent) This yielded an imtial nsk class for the 
scenano of fisk Class I for both receDtors (unlzkelv fkeauencv. high Consequences) Based on 
Table 2. the radiological dose conseauences of  unmitigated spills (no cntdihes .  fires. or 
exulosions) were onainally assessed to be moderate for the IW This yielded an inihal nsk class 
for the scenano of k s k  Class I1 for the IW (unlikelv fieauencv. moderate conseauences) 

The ra&ologxal dose consequences o f  the DBE are moderate (0 35 rem) to the MOI and 
high (48 rem) to the CW As stated above, the DBE scenaflo is analyzed as a codmed matenal 
release, non-lofted plume, 10 m u t e  duration accident scenano The resultmg nsk class for the 
scenano is k s k  Class I1 for the MOI (unlzkely fiequency, moderate consequence) and is k s k  
Class I for the CW (unlikely frequency, high consequence) 

For the IW m the facility at the hme of  the earthquake, falling debns dunng the event 
could hypothehcally cause a fatality (high consequences) However. lnhalation of simficant 
auantities of rahoactive matenals wll not lead to a promDt fatality and rad~ologlcal hzah 
conseauences No controls are crelted for protectmg the IW m thls scenano smce the lmpacts 
of  the imtiatmg event are so severe that radiological lmpacts are o f  comparatmely little 
consequence The Emergency PZan control would be credited for the development of a facility 
emergency plan dnectmg the IW to evacuate followng spills of d o a c t w e  matenals. However, 
the resulting nsk class for the DBE scenano is k s k  Class11 for the IW (unZzkeZy frequency, 
moderate consequence) The mamtenance of  the moderate consequence, counter to the Table 2 
mitigated s ~ i l l  low conseauence, is due to the mcreased rahological exposure m the case where 
an IW is trapped by the fallmg debns in which case s~iI1 mitaation efforts would be ineffective 

Control Set AdeauacvNulnerability 

The postulated DBE has an unlikely scenano frequency bin assignment Concurrent 
failures o f  mhgative features would lead to an extremely unlikely fiequency bin assignment for 
the scenano This automatically reduces the nsk class for the CW to k s k  Class I1 regardless of  
increased consequences from the fsulure of  a mitigative feature The MOI nsk class for this 
sequence IS reduced to k s k  Class I11 as long as dose consequences do not increase by more than 
a factor of  14, othemse, the nsk class w111 remain at k s k  Class11 Fsulures o f  mitigative 
features concurrent wth the earthquake are not investigated for the IW Slight increases in MAR 
due to protective feature falures would have no impact on the direct earthquake consequences 
and would contnbute little in increasing any radiological consequences associated wth the event 
due to the amount o f  matenal released 

Failure o f  the combustible material control program could result in a fire concurrent with 
the DBE I f  the fire were of sigmficant size, the release fraction assumed in the analysis would 
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significantly increase ( I  e , breached drums could have a combined rurborne release fraction and 
respirable fraction of up to 0 05 rather than the 0 0001 used m the analysis, drums that were not 
breached could have thew ulventory added to the effectwe MAR wth a release frachon of 
0 0005) Frulure of this protective feature could yield sigdicant consequences However, the 
Ilkellhood of fmling the combustible material control program, having a DBE, and having an 
ignition source in the area of the excess combustible maknals may be a beyond extremely 
unlikely event 

Double batchmg of the TRU waste drum fissile matenal mventory (frulure of the 
container radioactive material loading limt) would only mcrease the MOI dose to 
approxunately 0 7 rem (moderate consequence), still lower than that needed for a change to high 
consequences However, the Idcellhood of a double batchmg of the approxunately 20 random 
drums lnvolved m the postulated accident would result m a beyond extremely unZzkeZy fiequency 
assignment for the scenario 

Frulure of the metal waste container protectwe features could lead to more drums bemg 
breached The number of dnuns breached would have to mcrease by a factor of 14 (from 
20drums to about 280dnuns) to result m a change m the MOI dose consequences fiom 
moderate to hrgh Such a gross frulure of the Admmrstratwe Control programs associated wth 
tlus credited feature would be associated wth a beyond extremely unZzkeZy event 

In all situat~ons discussed above, the followmg defense-mdepth features tend to mhgate 
the scenario but are not c d t e d  m the analysis 

Building Structure The budding structure design feature can lead to mitigatmg the 
effects of the DBE ( r e m m g  mtact yieldmg an ambient leakpath factor) 

Combustible material control, metal waste containeddrums, and container 
radioactive material loading The combustible material control program, the metal 
waste containeddrums feature, and the container radioactive material loading lmut 
all reduce the rdological source term that the IW could be exposed to followmg the 
DBE 

Emergency Plan The emergency plan directs the IW to evacuate the facility in the 
event of spills of radioactwe matenal that lessens the worker exposure to radiological 
matenal releases 

In summary, credible falures of individual mitigative features concurrent wth the 
accident do not increase the nsk class of the scenano for the MOI, the IW, or the CW -1W [ 
earthquake-induced, fatalities are possible due to occupation of the building dmng the event and 
are not impacted by the TRU waste storage mission of the facility 
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5.9.3 N P m E  Scenano 2 - BDBE Event-Induced Spill 

This accident scenano is discussed below and is summanzed m Table 107 located at the 
end of Section 5 9, Natural Phenomena and External Event Scenarzo Acczdent Analyses 
Protective features idenbfied in the discussions that follow will be mdxated m bold italicized 
text 

Accident Scenano 

A Beyond Design Basis Event (BDBE) is postulated to occur unpactmg the POC and 
TRU waste storage areas m the Bmldmg 991 Complex POC and TRU waste contamers stored 
in Bmldmg991 are considered to be suscephble to earthquake mpacts Contamers that are 
impacted may be breached by f d m g  debns fiom the part~al collapse of the facility or, m the case 
of TRU waste contamers only, may be subject to fallmg fiom upper hers (W or fourth hers) of 
drum stacks The breached contamers from fallmg debns do not spdl the contamer contents from 
the breach smce the breach is at the top or upper portron of the contamer Smce the breaches do 
not result m d o a c t w e  matenal “flowmg” fiom the breach, as is the case m the forklift hne 
puncture of contamers (see Semon 5 5 ,  Puncture Scenarzo Acczdenf Analyses), these contamer 
breaches are analyzed as a confined matenal releases as are the TRU waste container breaches 
due to falling A ground-level (non-lofted) release of the mhoachve matenal is assumed The 
spill is a short durahon event and a -mum durabon release (1 0 mutes)  is analyzed 

POC and TRU waste contamers stored m tunnels and vaults (z e Buildmg 996 and 
Building 998) are assumed to survlve the BDBE ( z  e no ceilmg collapse due to wall thickness 
and no fdlmg debns due to mmal overhead matend) A concurrent fire, caused by the 
earthquake, is not considered due to the low combushble loadmg m the waste storage areas 

Scenarzo Modelzng Assumptzons spill, confined matenal, 10 m u t e  d m o n ,  non-lofted 
plume 

Accident Freauencv 

The llkellhood of thls postulated accident scenano is judged to be unlzkely based on the 
followmg considerahons (1) the occurrence fiequency of a Design Basis Earthquake @BE) is 
- 8 1 1 x 10-4- per year and is considered to be an unlikely event, and (2) the occurrence fiequency of 
a BDBE is estimated to be 30 x 104 per year and is shll in the unlzkely fiequency bin As stated 
above, a concurrent fire wth the BDBE is considered beyond extremely unlzkely due to the 
credited combustible material control program that limits the amount of combustibles in waste 
storage areas Fires in non waste-storage areas may occur but building partial collapse and 
breach would be expected to vent hot gases from the fires away from waste storage areas 

Scenario Modeling Assumptions unlikely event [beyond design basis event] 
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Matenal-At-fisk 

The POC and TRU waste contamers stored in Budding 991 are unpacted by the seismic 
event in two ways (1) partial collapse o f  the facility creates sigmficant debns that can fall onto 
exposed contamers and lead to a breach o f  a fraction o f  the contamers, and (2) h r d  or fourth her 
TRU waste drums may topple from the upper tier (drop more than fourfeet) and result in a 
breach o f  a hchon of  the drums 

As a conservabsm m the analysis, the Bwldmg 991 Complex mventory is assumed to be 
composed of  only TRU waste drums rather than a mxture o f  POCs and TRU waste contamers 
Thls is conservabve because (1) both contamers would have the same ARF value (I e ,  confined 
matenal spill, ARF =0001) applied m the scenano, (2)POCs are not suscephble to falls per 
FeatureF2 (elmmates MAR associated wth toppled contamers from upper hers o f  stacks), 
(3) POCs have a maximum MAR that is 6.3 times greater than TRU waste drums (companson o f  
General AssumphonG4 and General AssumphonM), (4)POCs have a RF value that is 
10 times lower than TRU waste RF values (I e ,  POC RF'= 0.01, TRU waste contamer 
RF = 0 l), and (5) POCs are more resistant to breaches than TRU waste contamers (companson 
of  Feature F3 wth Feature F5, statement of  Feature F7, companson of  Feature F10 wth 
Feature F12, companson of Feature F13 and Feature F14) The last pomt generally results m a 
DR o f  10% for POCs relabve to TRU waste contamers Combmg all o f  the above 
considerabons except the stack topplmg issue, the POC has a lower source tern for the seismc 
event release than does the TRU waste contamer (I e ,  POC source term is about 6 3% of  the 
TRU waste contamer source term) Therefore, the analysis o f  the seismrc event mduced spill 
release wll  be performed usmg TRU waste drums only 

It is assumed that 50% o f  the exposed drums (drum lids exposed to the ceilmg) m the 
facility wl l  be subject to debns from the part~al collapse of Bmldmg 991 The 50% value is 
based on engmeenng judgment and is believed to be conservabve smce the entue facility is not 
collapsmg and overhead matmals that may fall onto drums do not cover every part o f  the facility 
ceiling area Of the drums subjected to fallmg debns, it is assumed that 10% of  the drums are 
breached to the pomt o f  losing confinement of  rdoachve matenal contents (z e , penetrabon of  
drum and mtemal packagmg) The 10% value is also based on engmeenng judgment and takes 
mto account the strength o f  the drums ( z  e ,  metd waste drudcuntainer controls) and the types 
of overhead matenals that may fall (ie,l imted amount of heavy, penebtmg overhead 
matenals) 

It is assumed that h r d  and fourth tier drums may topple dunng the BDBE It is 
conservatively assumed that 25% of the drums on the h r d  or fourth hers of stacks are subject to 
falling from the top o f  the stack The 25% value is based on engineenng judgment and is 
believed to be conservative smce (1) stacked drums are not susceptrble to fallmg except for very 
large seismic events (see Section 5 9 1 1 1 ,  Seismic Events, discussion), and (2) the credited 
bandzng of drums control reduces the likelihood of  drums falling from upper tiers of  stacks Of 
the drums subjected to falling from upper tiers, it is assumed that 25% of the drums are breached 
to the point of losing confinement of radioactive matenal contents (I e ,  falure of  drum and 
internal packaging) The 25% value is also based on engineenng judgment and takes into 
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account the strength of  the drums (I e , metal waste drudcontarner controls), the bonding of 
drums control (a smgle drum in the four banded set is subject to damage from the crushmg 
weight of the other three drums in the banded set), and the limited amount of room avilable for 
upper tier drums to fall onto the floor (I e ,  other drums m the way or lmted i s l e  space) 
Additional strength or resistance to mtemal package breachmg as a result o f  falling is provided 
by ngid h e r s  and at least one polyurethane bag Drums that are compliant wth internal 
packagmg requirements have these barners Non-compliant drums do not have both of the 
barners and are more susceptible to internal package breach as a result o f  drum fallmg It is 
assumed that 20% of  the compliant breached drums, as a result of  fallmg, wll  have breaches o f  
the internal packaging It is conservahvely assumed that 100% o f  the non-compliant breached 
drums m11 have mtemal package filure No control has been specified to restnct internal 
packaging non-compliant TRU waste drums from the Bmldmg 991 Complex so the Site stahst~cs 
for non-compliant drums are used m the analysis It is conservahvely assumed that 85% of 
drums on the Site are compliant wth mternal packagmg requirements (based on Real Tune 
Ra&ography, RTR, stahshcs that over 86% were compliant (Ref 64) ) leavmg 15% that are not 
compliant 

A conservative estunate o f  the number of  TRU waste drums that can be stored in 
Building 991 is 4,032 drums (excludes 760 drums from Blulding 996 and Bmldmg 998) Thts 
estimate is based on the followmg assumed room mventones and s t a c b g  arrangements 

Room 134 
Room 135 
Room 140/141 
Room 142 
Room 143 
Room 147 
Room 148 
Room 151 
Room 153 
Room 155 
Room 158 
Room 166 
Room 170 

850 drums total 
24 drums total 
600 drums total 
80 drums total 
300 drums total 
60 drums total 
20 drums total 
400 drums total 
104 drums total 
120 drums total 
56 drums total 
650 drums total 
768 drums total 

2 13 exposed drums 
24 exposed drums 
200 exposed drums 
40 exposed drums 
100 exposed drums 
60 exposed drums 
20 exposed drums 
134 exposed drums 
52 exposed drums 

120 exposed drums 
56 exposed drums 

163 exposed drums 
192 exposed drums 

212 drums on upper her 
no drums on upper hers 
200 drums on upper her 
no drums on upper hers 

100 drums on upper ber 
no drums on upper hers 
no drums on upper hers 
133 drums on upper her 
no drums on upper hers 
no drums on upper hers 
no drums on upper tiers 
162 drums on upper her 
192 drums on upper her 

The above room loading assumptions are not mtended to be restrictions on room 
inventones or staclung arrangements but are used only as estimates of the building inventory for 
the purposes of detemimng approximate BDBE consequences Conservative assumptions 
dealing with damage factors, inventones, and container contents that go into the MAR estimate 
for the BDBE accident scenario are expected to cover all vanations of  the drum totals and 
staclung arrangements except for significant departures (more than 25% increases) from the 
above assumptions 
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The total number o f  exposed dnuns in Bulldmg 991, based on the above assumptions, is 
1,374 drums Talung 50% as being subjected to debns and the 10% of those subjected to debns 
that are penetrated yields approxlmately 69 drums that are breached by falling debns The total 
number of  upper her drums (top layer o f  thud or fourth tier drums, does not count thud her 
drums that are under fourth tier drums) is 999 drums Talung 25% of  the upper her drums as 
falling and 25% of the fallmg drums having the drum fad yields approxlmately 62 drums that fad 
due to falling from upper bers Of the fallmg drums, 85% are assumed to have compliant 
mtemal packagmg o f  whch 20% are assumed to expenence mternal package breach as a result 
of  the fall The remam 15% non-compliant drums are assumed to expenence mtemal package 
breach as well yieldmg approxlmately 20 drums that are completely breached due to falllng The 
resulting overall equvalent damage raho (approxlmately 89drums out o f  4,032drums are 
breached) is approxunately 2 2% As added conservatism, the analysis assumes that the overall 
equvalent damage ratio is 2 5% 

A container radioactive material loading l m t  is credited for lmtmg TRU waste drum 
contents to a m m u m  of  200 grams of WG Pu (or equvalent) Under an assumphon that the 
mventory is composed enwely o f  TRU waste drums, the total inventory for the Bmldmg 991 
(excluding Buildmg 996 and Bmldmg 998) is estmated to be 806 4 lulograms of  WG Pu (or 
equivalent) This is not a restnction on the Bmldmg 991 inventory Using the conservahve 
overall equvalent damage rat10 of  2 5%, the total effective MAR for the BDBE resultmg m the 
breach of the waste contamer(s) is 20 16 lulograms o f  WG Pu (or equlvalent) A blended DCF 
of 3 3EM7 is used to conservahvely account for the populabonm of  waste Contamer-IDCs, 
some of whch should be modeled mth Solubility Class W and some of whtch should be 
modeled wth Solubility Class Y 

I Scenario Modeling Assumptions 806 4 lulograms, blended DCF, DR = 0 025 

Accident Conseauences 

The radiological dose conseauences o f  BDBE induced sDills involving TRU waste 
containers were onginalh assessed to be hzah for both the MOI and CW since the evaluated 
MAR was greater than 157 g ~ a m  s (WG Pu equivalent) TIus yielded an imtial nsk class for the 
scenano of  k s k  Class I for both receDtors (unlikely freauencv. hznh conseauences) Based on 
Table 2, the radiological dose consequences of  unmitigated mills (no cnhcalities, fires. or 
exdosions) were ongmallv assessed to be moderate for the IW "Ius yielded an inihal nsk class 
for the scenano of  Risk Class I1 for the IW (unlikely fieauencv. moderate conseauences) 

The radiological dose consequences o f  the BDBE are moderate (1 7 rem) to the MOI and 
hzgh (240rem) to the CW As stated above, the BDBE scenano is analyzed as a confined 
matenal release, non-lofted plume, 10 mnute durahon accident scenano Since this event is 
considered to be a beyond desim basis event. the accident scenano nsk classes for the MOI and 
CW are not apdicable 

For the IW m the facility at the time of the earthquake, partial facility collapse could 
hypothetically cause a fatality (hzgh consequences) However. inhalation of sipnificant quantities 
o f  radioactive matenals will not lead to a urompt fatality and radiological hiah conseauences 
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No controls are credited for protecting the IW in this scenano since the impacts of  the mtiatmg 
event are so severe that radiological impacts are of  little consequence For lesser seismic events, 
the same controls that protect the MOI and the CW provlde protechon for the IW In addbony 
the Emergency Plan control would be credited for the development o f  a facility emergency plan 
directlng the IW to evacuate followng spills o f  radioactive matenals Since ths event is 
considered to be a bevond design basis event. the accident scenano nsk class for the IW is not 
apolicable 

Control Set AdeauacyNulnerabilitv 

Control set adequacv and vulnerability are not apdicable smce this event is considered to 
he a bevond design basis event 

- The followmg defense-m-depth features tend to rmtlgate the scenano but are not credted 
rn the analysis 

Building Structure The building structure design feature can lead to the preventmg 
(reducmg the llkellhood of  buldmg pmal collapse) and mQgatmg the effects of the 
BDBE ( r e m m g  intact yieldmg an ambient leakpath factor and reducmg the number 
of  drums unpacted by fallmg debm, allowmg the IW to m v e  the event and 
evacuate the facility) 

Combustible material control, metal waste containeddrums, container radwactive 
material loading, and bandtng of  dnuns The combustible material control 
program, the metal waste containeddrum feature, the container r a d w a d e  
material loading l m t ,  and the banding o f  drums all reduce the radiological source 
term that the IW could be exposed to followmg the BDBE 

Emergency Plan The emergencyplan dlrects the IW to evacuate the facility m the 
event o f  spills of  radioactive matenal that lessens the worker exposure to radlological 
matenal releases 

As discussed above, the defense-m-depth controls for protectmg the IW are o f  lirmted 
These controls have more value if the earthquake is large enough to collapse the facility 

importance for lesser seismic events 

5 9.4 NPH/EE Scenario 3 - Heavy Snow Event-Induced S ~ i l l  

This accident scenano is discussed below and is summanzed in Table 108 located at the 
end of Section 5 9. Natural Phenomena and External Event Scenario Accident Analyses 
Protective features identified in the discussions that follow w11 be indicated in bold italicized 
text - 

Revision 2 
September I999 

390 
B991 Complex FSAR NSTR-O'1-98 Support I 



Accident Scenano 

A heavv snow event is Dostulated to occur impacting the POC and TRU waste storage 
areas in the Bmldinp 991 Complex POC and TRU waste contamers stored in BuiIdinP 991 are 
considered to be susceptible to heavv snow-induced facilitv colla~se impacts Contamers that are 
impacted may be breached by falling debns from the partial collapse o f  the facilitv The 
breached contamers fiom falling debns do not mill the contamer contents fiom the breach since 
the breach is at the too or upper Dortion o f  the contamer Smce the breaches do not result in 
radioactive matenal “flowng” fiom the breach. as is the case in the forklift tme puncture o f  
contamers (see Section 5 5 ,  Puncture Scenario Accident Analvses). these contamer breaches are 
analvzed as a confined matenal releases A ground-level hon-lofted) release o f  the radioactwe 
matenal is assumed The spill is a short duration event and a mimum durabon release 
f IO mutes)  is analvzed No credit is taken for the retention o f  released radioactwe matenal bv 
the snow that may be covennn some of  the breached contamers 

POC and TRU waste contamers stored m tunnels and vaults ( i  e ,  Bul&ng 996 and 
Building 998) are assumed to survive the heaw snow-mduced facilitv coIIaDse (z e ,  no ceilins 
collapse due to wall hckness) 

Scenario Modeling Assumptions sDi11. confined matenal. 10 minute duration, non-lofted 
plume 

Accident Freauencv 

The llkelihood of  th~s Dostulated accident scenano is iudPed to be unlikely based on the 
structural capacitv of the roofs over waste contamer storage areas and the likelihood of heaw 
snows exceedmg the structural capacity The freauencv o f  exceedance for a heaw snow 
exceeding the facilitv structural capact@ and design basis was found to be less than 1 0 - 3 / ~  

Scenario Modelina Assumufions unlikely event beyond design basis eventL 

Matenal-At-fisk 

The POC and TRU waste contamers stored in Bulhng 991 are Impacted bv the heaw 
snow event due to the ~att~al collapse of the facilitv creating significant debns that can fall onto 
exposed contamers and lead to a breach of a fiachon of  the contamers 

As a conservatism in the analysis, the Building 991 Complex inventorv is assumed to be 
composed of only TRU waste drums rather than a mixture o f  POCs and TRU waste containers 
This is conservative because (1) both containers would have the same ARF value (I e ,  confined 
matenal spill. ARF = 0 001) aDDlied in the scenano, (2) POCs have a maximum MAR that is 
6 3 times greater than TRU waste drums (cornpanson of General AssumDtlon G4 and General 
Assumption G6). (3) POCs have a RF value that is 10 times lower than TRU waste RF values 
( 2  e , POC RF = 0.01. TRU waste container RF = 0 I). and (4) POCs are more resistant to 
breaches than TRU waste containers (cornDanson o f  Feature F3 w~th Feature F5, statement of 
Feature F7, comDarison of Feature F10 wth Feature F12. cornDanson of  Feature FI 3 and 
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Feature F14) The last mint generally results in a DR of 10% for POCs relative to TRU waste 
contamers Combimnp all of  the above considerations. the POC has a lower source term for the 
heavv snow event release than does the TRU waste container (I e .  POC source term is about 
6 3% of the TRU waste contamer source term) Therefore. the analysis of the heaw snow event 
induced smll release wll be wrformed using; TRU waste drums only 

It is assumed that 50% of the extmsed drums (drum lids exwsed to the ceiling) 111 a 
particular area of the facility w11 be subiect to debns from the partial collaDse of Bmldmg 991 
The 50% value is based on engineenng iudgment and is believed to be conservative since the 
entire facility is not collapsing and overhead matenals that may fall onto drums do not cover 
every Dart of the facility ceiling area It is assumed that only a single area or room of the facility 
wll be exposed to the roof collapse due to the higher vulnerabilitv of smific roof areas and the 
low likelihood of a swntaneous collapse of the en- facilitv Room 134 has one of the weakest 
roof sections Most other areas either have stronger roofs, sloDed roofs (less susceDbble to heavy 
snow induced collapse than flat roofs). or are parballv/llly undemund Room 166. whlch may 
also be vulnerable to the heaw snow event, has fewer exwsed containers than Room 134 (see 
discussion below) Of the drums subiected to falling debns. it is assumed that 10% of the drums 
are breached to the point of losing confinement of radioactive matenal contents (I e . Denetrabon 
of drum and internal Dackaglng) The 10% value is also based on engineenng iudment and 
takes into account the strength of the drums (z e . metal waste drudcuntuiner controls) and the 
tvpes of overhead matenals that may fall along wth the collaming roof section (z e ,  limited 
amount of heaw. ~e netrabne overhead matenals) 

A conservative eamate of the number of TRU waste drums that can be stored m 
Buildinp 991 is 4,032 drums (excludes 760 drums fiom Budding 996 and Bulldmg 998) Th~s 
estimate is based on the followg assumed room inventones and stachng arrangements 

Room 134 850 drums total 2 13 exDosed drums 2 12 drums on upper her 
Room 135 24 drums total 24 exposed drums no drums on uDDer tiers 
Room 140/141 600 drums total 200 extmsed drums 200 drums on upDer tier 
Room 142 80 drums total 40 exposed drums no drums on umer tiers 
Room 143 300 drums total 100 exmsed drums 100 drums on uDDer tier 
Room 147 60 drums total 60 exposed drums no drums on uDDer tiers 
Room 148 20 drums total 20 exDosed drums no drums on uDDer tiers 
Room 151 400 drums total 134 exposed drums 133 drums on umer tier 
Room 153 104 drums total 52 exposed drums no drums on uDwr tiers 
Room 155 120 drums total 120 exposed drums no drums on umer tiers 
Room 158 56 drums total 56 exposed drums no drums on umer tiers 
Room 166 650 drums total 163 exuosed drums 162 drums on umer tier 
Room 170 768 drums total 192 exDosed drums , 192 drums on umer tier 

The above room loading assumptions are not intended to be restnctions on room 
inventones or stacking arrangements but are used only as estimates of the budding inventorv for 
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the pumoses of determining approximate BDBE conseauences Conservative assumutions 
dealing with damage factors. inventones. and container contents that eo mto the MAR estlmate 
for the heavv snow accident scenano are expected to cover all vanations of the drum totals and 
stacking arrangements e x m t  for sirrnificant deDartures (more than 25% increases) from the 
above assumptions 

The total number of exDosed drums in Budding: 99 1, based on the above assumptions. is 
1,374 drums Under the assumDtion that only a single area is imDacted by the heaw snow event 
and conservativelv assmne that the area with most exwsed drums is imoacted. the total 
number of exmsed drums of interest is 213 drums (Room 134 loadinp arranpement) Talunq 
50% as being subiected to debns and the 10% of those subiected to debns that are txnetrated 
yields a~~roximatelv 11 drums that are breached bv falling debns Gwen an inventory in 
Room 134 of 850 drums. the damage ratio for the heaw snow-induced facility collmse is 1 25% 
As added conservatsm. the andvsis assumes that the overall eamvalent damage rat10 IS 1 5% 

A container radioactive material loadinp limit is credited for limibng TRU waste drum 
contents to a m m u m  of 200 marn s of WG Pu (or equivalent) Under an assumpon that the 
inventorv in Room 134 is comwsed entirely of TRU waste drums. the total mventorv for 
Room 134 is estimated to be 170 k i l o m s  of WG Pu (or eamvalent) This is not a restriction 
on the Room 134 inventory Usma a conservative overall eauivalent damage rat10 of 1 5%. the 
total effectwe MAR for the h a w  snow event resultmg in the breach of  the waste contameds) is 
2 55 k~lomms of WG Pu (or equivalent) A blended DCF of  3 3E+07 is used to conservatwelv 
account for the mpdation wx of waste container IDCs, some of whch should be modeled wth 
Solubilitv Class W and some of which should be modeled wth Solubilitv Class Y 

Scenario Modelina AssumDtions 1 70 l u l o m s ,  blended DCF. DR = 0 01 5 

Accident Conseauences 

The radiolomcal dose conseauences of heavy snow induced sdls involwng TRU waste 
containers were onginally assessed to be hiah for both the MOI and CW since the evaluated 
MAR was greater than 157 mim s W G  Pu eauivalent) Th~s yielded an mt~al nsk class for the 
scenano of h s k  Class I for both receutors (unbkelv frequency, hiah conseauences) Based on 
Table 2, the radiological dose conseauences of unmitigated sdls  (no cntxalibes. fires. or 
explosions) were onginally assessed to be moderate for the IW This yielded an initial nsk class 
for the scenano of fisk Class I1 for the IW (unliklv fieauency. moderate conseauences) 

The radiolomcal dose conseauences of the heavv snow event are moderate (0 22 rem) to 
the MOI and hiah (30 rem) to the CW As stated above, the heaw snow scenano is analyzed as 
a confined matenal release. non-lofted plume, 10 minute duration accident scenano Since this 
event is considered to be a beyond design basis event, the accident scenano nsk classes for the 
MOI and CW are not a~dicable 

For the IW in the facility at the time of the heaw snow event, partial facility collapse 
could hyuothetically cause a fatality (hiah consepuences) However, inhalation of simificant 
quantities of  radioactive matenals wll not lead to a prompt fatality and radiological high 
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conseauences No controls are credited for Drotectinv the IW in the facilitv at the bme of  the 
accident since the impacts of  the initiating event are so severe that radiological imDacts are of 
little conseauence The Emerpencv Plan control is credited for the develoDment of  a facilitv 
emergency plan directing the IW to evacuate the facility if roof snow loading is avproachnfz roof 
caDacity and followng spills o f  radioactive matenals The radiological dose conseauences for 
the IW are aualitativelv iudged to be low, consistent wth Table 2 for mitigated spills. due to 
(1 ) the moderate amount of mhological matenal that is released. (2) the observable conditions 
and w m n g  pnor to roof farlure allowing for facilitv evacuabon. (3) the mdicators of the event 
for non-evacuated 1W ( e p ,  hole in roof, cold an in facilitv. noise). and (4)the buldmq 
emerpencv dan that directs the IW to evacuate Since h s  event is considered to be a bevond 
desivn basis event. the accident scenano nsk class for the IW is not a~dicable 

Control Set AdeauacvNulnerability 

Control set adeauacv and vulnerability are not amlicable since this event is considered to 
be a bevond design basis event 

The followng defense-in-der>th features tend to mituzate the scenano but are not credted 
in the analysis 

Buildinp Structure The buildtrap structure design feature can lead to the vreventtmg 
{reducing the hkellhood of buildmg p-al collapse) and rmtwatmg the effects o f  the 
heaw snow event (remarrung intact vieldmg an ambient leabath factor and reduceg 
the number o f  drums impacted bv falling debns, a l lomg the IW to survlve the event 
and evacuate the facilitv) 

Metal waste containers/drum and container radioactive materiaI loadinp The 
meta I waste contuiners/drums feature and the contumer radioactive muterial 
loadinp limit all reduce the radiological source term that the IW could be exmsed to 
followng the heavv snow-mduced facilitv collapse 

Emergencv Plan The emerpencv dan d~rects the IW to evacuate the facilitv in the 
event o f  spills of  radioactive matenal that lessens the worker exmsure to radiolomcal 
matenal releases 

5.9.5 NPH/EE Scenario Assumptions, Features, Requirements 

In the evaluation o f  the NPH/EE scenanos. assumptions, protective features. and 
requirements were identified for prevention of  the accidents Thts information is found in 

Section 4 3 6 8. Natural Phenomena and External Event Scenarios Determination. and in 
Section 5 9, Narural Phenomena and External Event Scenario Accrdent Analyses Table 105 
presents a listing of  the general assumrjtions (coded by the letter “G”) made. aSsumDtions (coded 
by the letter “A”) made, the motective features (coded by the letter “F‘7 credited. and 
requirements (coded by the letter “R”) specified in the evaluation o f  NPWEE scenanos The 
scenanos to whch each assumption. feature. or reamrements applies are listed in the table along 
with the impact of  the assumrjtion. feature. or requirement 
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ASSUMPTLON/CREDITEED SCENARIO 
FEA"ZruREIRE0 uIREME1yT CODE 
TRU waste containers contam 
no more than 200 m m s  
JWG Pu equivalent) in metal 
drums and 320 mans in metal 
boxes 

NPWEE Scenano 1 
NPWEE Scenano 2 
NPWEE Scenano 3 

ASSUMPTION/FfCAWW 
REOUIREMENTIMPACT 

Sets the Dotential MAR for many 
scenanos imDactmg waste contamers 
(200 glsuns for facilitv fires and 
contamer explosions. 320 ararns for 
facilitv fires. SDIIIS, ~ ~ n c t u r e ~ .  container 
emlosions. and cnocahtv Dotenhall 

- 
A3 

- A2 

Container Radioactive Material 
Loading 

DamaPmg high wmds and 
heaw snows are antici~ated 
events e x m t  over vaults, 
damagmg. Iightnm~ Wes are 
antrci~ated events, fieemg 
events mmactmg the comDlex 
are antrcrmted, damwmp; 
heaw rams and fl&g are 
unlrkelv events, facilitv 
collapse due to s e m i c  events 
is unliklv except for below 
ground vaults, damagmg 
tornadoes are unlikelv events, 
damagmg ranPe fires are 
atremelv unIrkeIv events 

Damagmg tunnel falure and 
floor loadtne failures are 
unliklv events. damagmg 
aircraft crashes are extremelv 
unlikelv events 

qls 

SPILL-3-SNM. WASTE 
lawraft crash1 

Jarcraft crash1 

[aircraft crash1 

PUNCT-3-SN'M. WASTE 

CRIT-4-SNM. WASTE 

Natural gas or propane 
explosions are not expected to 

FEXPLO- 1 [aircraft crash1 
FEXPLO-2 [aircraft crash1 

occur following an aircraft 
crash event due to the fire 
associated with the event 
preventing the buildup of gases 
to exulosive levels 

sets the ldcellhood o f  natural Dhenomena 
events - 

CRITJ [aircraft crash1 

Sets the Ilkellhood of some internal and 
external events 

Reduces the Idcellhood o f  radioactive 
matenal contamer failure fiom scenanos 
dealrnn with natural gas or Dropane 
ex~losions followmg an arcraft crash to 
Bevond Extremely Unlikelv 
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I Table 105 Assumptions/Features/Requirements for NPWEE Scenanos 

- F6 

ASSUMPTION/CREDITED 

Natural gas or propane 
explosions are not exDected to 
occur following hi& wind or 
tornado events due to the wmd 
dispersal of the flammable 
gases preventtng the buildup of 
gases to explosive levels 

Tvw B shimmg containers are 
unlikelv to be breached by 
structural member impacts due 
to rmpact ande reauuements 
and weieht needed to lead to 
failure 

Forces associated with waste 
storage area flooding fo l lowq 
heaw ram. floodme. or 
freenng induced floodmq 
events are not exDected to be 
sufficient to result m waste 
contamer stack topplmq 

POC contamers are unfikelv to 
be breached bv structural 
member unpacts due to unDact 
angle reauuements and weieht 
needed to lead to failure 

TRU and low-level waste 
contamers cannot be breached 
by falls less than four feet 

A drop/fall of banded TRU or 
low-level waste contamers 
results m the eauivalent release 
of matenal of one waste 
contamer 

SPILL-3-WASTE 
Iarcraft crashl 

PUNCT-3-WASTE 
Jarcraft crashl 

Jarcraft crash] 
CR3T-4-WASTE 

NPWEE Scenano 1 
NPWEE Scenwo 2 
NPWEE Scenano 3 

- - F28 

SCENARIO 
CODE 

FEXPLO-I chi& windl 
FEXPLO- 1 ftornadol 
FEXPLO-2 fhigh windl 
FEXPLO-2 ftornadol 
CRIT-5 thigh windl 
CRIT-5 ltomadol 

LL-4 fheavv rain1 
LL-4 Ifloodin4 
-1 
LL-8 fheaw ram1 

LL-8 ffieewnd 
LL-8 lfloodtnd 

NPWEE Scenano 2 

SPILL-3-SNM faircraft crash1 
PUNCT-3-SNM 

[aircraft crashl 
CRIT-4-SNM faircraft crash1 

Reduces the Ilkellhood of radioactive 
material container failure from scenanos 
dealing with natural gas or propane 
exdosions followme. high wmd or 
tornado events to Beyond Extremelv 
Unlikelv 

Reduces the llkelihood of radioactive 
matenal container failure from scenanos 
dealme with floodm~ followmJz heavy 
ram, flooding. or freevng induced 
fl&g events to Beuod EttremeIy 
UnIiAelv 

Sets the Dotenbal MAR for the scenano 
mmacting TRU or low-level waste 
containers 

Reduces the likelihood of b e  B 
shiuDme contamer failure for scenanos 
dealmg with structural members 
unpactmg contamers bv one fiwuency 
- bm 

TvDe B Shbuinp Container 

Reduces the likellhood of POC contamer 
failure fbr scenanos dealmg with 
structural members unpactmp, contamers 
by one fieauencv bm 

POC Container 

Reduces the llkelihood of TRU and 
low-level waste container failure due to 
dropping from less than four feet to 
Beyond Extremelv Unlikelv 

Metal Wmte Container 
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I Table 105 Assumptions/Features/Requirements for NPWEE Scenarios 

A combustible matenal and 
mition source control D I Q ~  
shall be Implemented to make 
fires m areas containing staged, 
stored, or in-process (I e .  GEN 
activity) radioactive matenal 
unlrkeb events 

Elements of  combusttble 
matenal control mclude 
0 hiizh heat release rate 

combustible matenal 
restnmons, 

mternal waste storage 
gp- 

foot smarahon from waste 
contamers 

0 no wooden crates in 

combusttiles have five 

Elements of ignition source 
control mclude 

restnchons on smoking m 

hot work ~ermits 
facihties, 

The Building 991 ComDlex 
will develop an Ememency 
Plan for the facilities m the 
complex 

Waste contamers stacked 
above the second tier will be 
banded 

SCENARIO 
CODE 

NPHEE Scenario 1 
NPWEE Scenano 2 

NPIUEE Scenario 3 

NPWEE Scenano 2 

Reduces the Ilkelhood of facilitv fms 
potenhallv mbactme radioactive 
matenal to Unhkelv 

Combustible Material Control 
IpnUZon Sodme Control 

Reduces the exwsurc of  the IW to 
releases and DT~VCII~S ex~osute of the IW 
to snow load-mduced facilitv collaDse 

Ememencv Plan 

Reduces the effmve MAR of the 
scenano due to a Dall& of TRU waste 
contamer &ODDW or fallmrr from the 
third or fourth her of the stack 

Banding 
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6. RISK DOMINANT ACCIDENT SCENARIOS 

"Ius section dsusses the domnant nsk contnbutors to the MOI, CW, and IW These 
accident scenanos have sipficant nsk even after creditmg preventwe and mitigatwe features, 
and are categorued as h s k  Class I or hsk Class I1 for at least one of the three receptors Of the 
dominant nsk accident scenanos, no scenanos resulted m hzgh consequences to the MOI, 
threescenanos resulted m high consequences to the CW, and mscenanos resulted m high I 
consequences to the IW 

Table 109 s u m m a s  the nsk domant  accident scenarros that were identified for the 
Budding 991 Complex The first column of the table lists the nsk do-t accident scemo 
and provldes a bnef descnphon of the accident The AnaZyzed Risk Class columns ident@ the 
nsk for each receptor as analyzed m the accident analysis secbon The frequency bm, 
consequence bm, dose consequence, and nsk class for each receptor (IW does not have a dose 
consequence), as analyzed, are provlded for the accident scenano The Addztzonal 
Conszderatzomfor Risk Reductzon columns ident@ the nsk for the receptor of concern after 
additional considerabons are taken mto account These ConsideraQons may deal wth a 
relaxation of the conservatrve modelmg mput assumpt~ons u t h e d  m the accident analysis and 
how usmg more realist~c assuxnpt.~ons could reduce the fiequency or consequences of the event 
(e g , use of medm x/Q values, use of more realisuc MAR values). The considerabons could 
also deal wth addtional preventwehubgatwe features that were not taken credlt for m the 
accident analysis that could reduce the fiequency or consequences of the event The Rzsk 
Reduction Remarks column provides a bnef descnpbon of the considerabon(s) used to reduce the 
nsk A detaded discussion of the nsk reductron considerahon is provlded for each nsk dormnant 
accident scenano 

Facilitv Fire Scenario 1 - 1 MW TRU Waste Drum Facilitv Fire 

A facility fire is postulated to mpact up to three 55-gallon waste contamers The facility 
fire is postulated to occur as a result of combusbbles (modeled as wooden pallets wth a total 
heat load of 1 MW) beiig igmted dmng the conduct of hot work or by exposure to electncal 
system components The facility fire may occur m Bmldmg 996, any north waste storage area, 
or any south waste storage area The facility fire is assumed to mt~ally mvolve combusable 
matenals located m close p r o m t y  to stored waste contamers The fire causes heatmg of the 
waste contamers and their contents, pyrolyvng of the contamer contents, and subsequent ventmg 
of container gases contammg radioactwe matenal through faled contamer lid seals Thls size 
fire is postulated to activate the automatic sprinkler system m the north waste storage areas 
(excluding Buillng 996) but the spnnkler system does not reduce the number of drums involved 
in the fire in h s  area The automatic spnnkler system is not activated in the south waste storage 
area due to ceiling height 

The postulated facility fire involving three 55-gallon TRU waste drums in the 
Building 991 Complex is considered to be an unlzkely event wth moderdte consequences for the 
MOI, hzgh consequences for the CW, and low consequences for the IW The MOI and CW nsk 
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The blockage of  the filters due to smoke is not considered a rationale for &scdtmn the 
mitirrative effects of the filtered exhaust ventdation svstem The north and most south waste 

In order to credit the filtered exhaust ventilabon svstem for nubgabon of the three drum 
fire. an acceptable facility confirnabon must be defined The Budding 991 exhaust venblation 
system can S U D D O ~ ~  mitigation of accident scenanos m all intenor contruner stome/sta~;ma areas 
exceDt for Room 166 An oDerabons restnction to Demt onlv POCs to be stored in Room I66 
is lmDosed to reduce concerns dealing wth extenor natural gas lmes located outside of 
Room 166 This same control shall be used to negate concerns about a lack o f  a ventdation 
system supDorting Room 166 for the nubgation of a three drum fire 

I 

As stated above, the Building 991 filtered exhaust ventilation svstem suvvorts all other 
areas The north waste storage areas are directly SUDDOrted by h s  system Bmlding 996 and 
Comdor B are normallv sumorted by the Building 985 filtered exhaust venhlahon system, but 
the Building 991 system can cover these areas i f  the Bmlding 985 system is not bemg used 
However, i f  the Building 985 exhaust ventilation system is used to S U D D O ~ ~  wrsonnel access to 
the tunnel and vault areas. a staae of tested HEPA filtration in Buildina 985 is reauved The 
tested stage is used to mitigate fires m the Building 996 waste container storage areas and to 
mitigate some fires in the Budding991 contamer storage/stamng areas (I e ,  some areas of 
Building 991 are ventilated by Building985 due to competitive suction between the two 
ventilation systems) for fires occmng while the Building 985 system is oDerating 

The south waste container storage areas other than Room 166. are sumorted by the 
BuildrnP 991 filtered exhnust ventilation svstem under certarn facility confirrurations The 
waste container storage areas being supDorted are Room 134 (including connected Room 135) 
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and Room 170 (includinp connected Room 147) The two main rooms must have an mrflow 
connection. rn some way. to the north areas of Building 991 111 order that a negative differenfial 
pressure wth rewect to atmomhere can be created in areas The followna facilitv 
configurations are considered to be acceDtable for Drovidmg an rurflow connecfion from the 
south areas to the north areas of Building 991 

For Room 134 (and Room 135) 

1 Aulock doors 111 the north-south runnmg comdor (connected to the east side of 
Room 134) are oDen 

2 Roll-UD door between Rooms 134 and 170 is opened AND door between 
Rooms 170 and 1401141 is own 

3 Roll-ur, door between Rooms 134 and 170 is oDen AND roll-uD door between 
Rooms 170 and 147A (connection to the east-west running comdor m the north 
area) is own 

For Room 170 (and Room 147) Note tlus confieuration control is immsed by a 
Room I70 differential pressure reamrement rather than a door alignment 
reaummentl 

1 Door between Rooms 170 and 140/141 is o m  

2 Roll-UD door between Rooms 170 and 147A (connecfion to the east west mmng 
comdor in the north area) is omn 

3 Roll-up door between Rooms 134 and 170 is oDen AND mrlock doors m the 
north-south runrung corridor (connected to the east side of Room 134) are open 

If the Room 170 dock doors are oDen. an sllrflow through the dock doors mto Room 170 
may exist but no credit is taken for exhaust filtrafion in Room 170 whde the doors are omn 
That is. accident scenanos in Room 147 and 170 occurnnP when Room 170 dock doors are own 
are unmitigated In order to ensure that three drum fires in Room 170 are mtuzated. a control to 
restnct operations in Rooms 147 and 170 when the dock doors are omn is reamred However, 
the dock doors must be oDen dunng receiving and shnminp cmerations in Room 170 

ReceiDt and shiDment operations m Room 170 are defined as follows 

0 Movement of waste contamers from a transport vehicle at the dock to a staging area 
in Room 170 

Movement of waste containers from a staging area in Room 170 to a trans~ort vehicle 
at the dock 

0 Movement of SNM Type B shimins! contamers from a trans~ort vehlcle at the dock 
to a vault staging location in the north area of the facility 

Movement of SNM Type B shiDpinn containers from a vault staging location in the 
north area of the facility to a trans~ort vehicle at the dock 

0 

0 
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All other contamer movement wthin Room 170 or from/to Room 170 are not considered to be 
part of receipt and shipment or>erations 

Receiving and shipDing activities -Dotentially involve the use of electnc Dowered forklifts 
and may mtroduce some combustibles into the area (e a. wooden pallets. combushble matenal 
suDDlies) However. the entire activity is conducted wth personnel present A control to restrict 
all ouerations. other than receipt and shrpment, in Rooms 147 and I70 when dock doors are 
opeit is imposed to reduce the likelihood of fires and other accident scenmos in the area while 
the dock doors are own Therefore, it 1s mstulated that the hkelihood of a threedrum fire 
occunmp: dunng the conduct of receiving or S ~ U ~ R ~ E  otxxa~ons is remote for the following 
reasons 

1 

2 

3 

4 

Personnel are always m attendance dunng the conduct of the actmties. aliovmg for 
mtwation of any small fires occurme. in the area before waste contamers become 
involved m the fire 
Receiwng and shiDDing operations do not involve significant imtion sources 
le P . only electnc Dowered forklifts versus items ldce oxyacetylene torches) 

Combustibles involved in receiving and shir>pmg operabons are well controlled and 
monitored (e g . wooden pallets. if any. are collected and placed in areas away fiom 
waste containers before removal from the facility) 

All other oDerabons. includmg hot work. are sumended whle receiwng and S ~ D D ~ P ,  
operabons are being conducted 

Therefore. if the onerations restnctions are imDosed. all facility three drum fires can be analyzed 
crediting a s w e  of HEPA filtration 

When the filtered exhaust ventilation mstem is credited for fire scenano mitigation. there 
is a possibility that the frre may imDact the HEPA filters due to hlgh a n  temwratures or hot 
e$bon of the filter stage, 
release of radioactive matenals that were captured on the filter stage. and subsequent loss of 
filtration capability However. the three drum fire scenario is not emcted to challenge the filters 
due to elevated temDeratures It is also not exDected that the three drum fire w11 have sufficient 
generation of hot embers and flying brands to challenge the filters due to hot particulates 

In summary, crediting the Burldinp 991 filtered exhaust venhlation svstem and facilitv 
confimrafion controls would yield fisk Class 111 results for the MOI and the CW 

Facrlrtv Fire Scenario 2 - 2 MW TRU Waste Drum Facility Fire 

A facility fue is postulated to impact up to six 55-gallon waste contamers The facility 
fire is postulated to occur as a result of combustibles (modeled as wooden pallets wth a heat load 
of 2 MW) being igruted dunng the conduct of hot work or by exposure to electncal system 
components The facility fire may occur in the south waste storage area, north waste storage 
area, or the Buildmg 996 waste storage area The facility fire IS assumed to mtially involve 
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combustible matenals located in close proximity to stored waste contamers The fire causes 
heating of the waste contamers and their contents, pyrolymg of the contamer contents, and 
subsequent venting of contamer gases contaming doac tnre  matenal through faded contamer lid 
seals Th~s size fire is postulated to activate the automatic SpnnMer system in the north waste 
storage areas (excluding Bmlding 996) Activation of the automabc spnnkler system may or 
may not occur in the south waste storage areas due to ceiling height, however. the automatic 
gmdcler system is credited as a Dreventivelmitigative feature The consequences of this event 
are reduced if the automak spnnkler system actwates (postulated that the fire wll  unpact 
three %-gallon waste contamers if the automatic sprrnkler system acbvates) 

Crediting a sinple tested stane filter efficiency of 0 999 would reduce the nsk class for both the 
MOI and the CW (MOI low consequence of 5 2E-4 rem wth corresponding Rsk Class IV, CW 
- /OW consequence of 0 7 1  rem wth correspondmg fisk Class Iv) 

In order to credit the filtered exhaust ventilation system for mitigation of the six drum 
The discussion under the nsk fire an acceDtable facility configuration must be defined 

The postulated facility fire mvolvmg six 55-gallon TRU waste drums m the Bmlding 991 
Complex is considered to be an extremely unZikely event wth moderate consequences for the 
MOI, high consequences for the CW, and low consequences for the IW The CW nsk class is 
h s k  Class11 The nsk classes for the MOI and IW are fisk ClassIII and fisk ClassIV, 
respectwely, whch are considered to be acceptable - 

The analysis-of the south waste storage area fires assumes that a 2 MW fire would not set 
off the automahc fire suppression systems in the south waste storage areas due to the hgh 
ceilmgs m these locat~ons It is possible that the spIvlkler system would actuate and suppress the 
fire to, at worst, a three drum fire (see Sechon 5 3 2, Facility Fire Scenario I - I MWTRU Wmte 
Drum Facility Fire) Larger, SIX drum fires would become not credible events as m the case of 
the north waste area fires if the automatx spnnkler system is actuated. 

I 
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dominant Facilitv Fare Scenario I - I MW TRU Waste Drum Facilrtv Fire covers the necessarv 
controls to define an acceptable facilitv configuration 

When the filered exhaust ventilatron svstem is credited for fire s c e m o  mitigabon. there 
is a Possibilitv that the fire may impact the HEPA filters due to high air temperatures or hot 
embers and flvinp brands Either o f  these impacts can result in the ipubon o f  the filter stage, 
release o f  radioactive matenals that were captured on the filter stage. and subsequent loss o f  
filtration capability However, the six drum fire scenano is not exDected to challenge the filters 
due to elevated temwratures It is also not exmcted that the six drum fire wll have sufficient 
generation o f  hot embers and flving brands to challenye the filters due to hot Wculates  For 
fires larger than the six drum fire. the automatic pknum defupe systems can mowde motechon 
for the HEPA filters =amst h& temmratures and, to a lesser extent. walnst hot embers and 
flying brands The svstems consist o f  an automatx deluge feature that s~ravs into the plenum 
before the demister screen. a manuallv actuated deluge feature that bnasses the automabc 
deluge Dorhon of the mstem and mravs before the demister screen. and a manuallv actuated 
deluge feature that mravs drrectlv onto the filter stage Thls latter feature d m t l v  wets the filters 
and may lead to stage fmlure due to water damage Actuation o f  the &rect filter sDrav manual 
delune svstem has the Dotenbal to save the filters fiom bumnrr at the exDense of fading the 
filters due to wettmg Due to the low likelihood o f  the actuation or use o f  th~s svstem (large fires 
challenging the filters are not considered to be credible) and the wtential for filter stage fmlure 
followng use o f  the svstem. the automatic ulenum deluge svstents are not cre&ted but serve as a 
defense-in-deDth mitig;abve feature for protechon agamst very large facilitv fires 

In summary, crediting the Building 991 fltered exhaust ventilation svstem and facilitv 
configuration controls would yield f i sk  Class IV results for the MOI and the CW 

Facility Fire Scenario 3 - Medium to Lame Wooden LLW Crate Facilitv Fire 

A facility fire is postulated to mpact up to four wooden LLW crates The facility fire is 
postulated to occur as a result of combmbles bemg igmted dunng the conduct of  hot work, 
dmng the receipt or shpment o f  crates, or by exposure to electncal system components The 
facility fire occurs m the West Dock Canopy Area The facility fire is assumed to mbally 
involve combustible materials located m close p r o m t y  to stored waste crates The wooden 
crates become involved m the fire and combust along wth their contents that are assumed to be 
combustible The fire is lunited to four wooden crates due to fire suppression by the automatic 
spnnkler system once the fire is sufficiently large to actuate the system 

The postulated facility fire mvolvmg four wooden LLW crates m the West Dock Canopy 
Area of  the Buildmg 991 Complex is considered to be an unlikely event wth low consequences 
for the MOI, moderate consequences for the CW, and low consequences for the IW The CW 
risk class is h s k  Class11 The nsk class for the MOI and the IW is h s k  ClassIII, whch is 
considered to be acceptable 

Acceptability of the nsk class results for the CW is based on the conservatism of  the 
analysis (I e , modeling input assumptions, defense-in-depth protective features not specifically 
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I credited) If a medm x/Q value and non-lofted Dlume is used 111 the analysis, the CW 
consequence is low (0084rem) If a lofted plume evaluahon wth 95" Dercentile r/O is 
performed, the CW consequence is low (0 024 rem) Either of these would lower the CW nsk 
class to h s k  Class I11 

The analysis of the West Dock Canopy waste storage area fire assumes that a two or three 
wooden crate fire would not set off the automatic fire suppression system due to the high ceilmg 
location It is possible that the sprrnkler system would actuate earlier and suppress the fire to a 
lower number of crates A three LLW crate fire is just below the low consequence bm threshold 
value of 0 5 rem If the unpact of fire suppression ylelded the eqmvalent of a two or three crate 
fire, the C W consequence result would be low and the correspondmg nsk class a k s k  Class III 

Another conservahsm deals wth the event assumed MAR Most of the wooden LLW 
crates to be stored 111 the West Dock Canopy Area come fkom the drum crushmg operabon or 
from the change out of HEPA filters in the complex Both of these sources of LLW have 
hstoncally had negligible contammahon and LLW crates of these materials would be 
sigmficantly (I e ,  orders of magmtude) less than 3 grams of radioachve matenal per crate A 
reduchon to approxunately the 95* percenhle of LLW crate MAR (I e ,  0 7 grams) would reduce 
the CW consequences to low (0 16 rem) and the nsk class to Rtsk Class I11 

In summary, removal of analysis conservahsm by usmg more realistic MAR values 
would yield h s k  Class I11 results for the MOL the CW. and the IW 

h i l l  Scenario 1 - TRU Waste Drums DrodFall 

A spill is postulated to occur as a result of breachmg up to four 55-gallon TRU waste 
drums contamng radioactive matenal The breach of the drums may occur as a result of the 
drums bemg msed on a forklift and fallmg from that position, or as a result of bemg stacked on 
the thud or fourth her and then bemg unpacted by matenal handlmg eqwpment d m g  
operahons bemg conducted m the facility Upon mpact wlth the hard surface, the drums are 
damaged and opened, and the waste packages m the drums are breached by the weight of the 
waste packages and the force of the unpact Due to s t a c b g  configurahons, th~s s c e m o  is 
postulated to occur m those areas where stackmg above the second her may occur These areas 
include Room 134 (4-hgh), Room 140/141 (3-hgh), Room 143 (3-h1gh), Room 151 (3-hgh), 
Room 166 (4-h1gh), or Room 170 (4-hgh) 

The postulated spill of a pallet of TRU waste drums in the Bmldmg 991 Complex is 
considered to be an anticpafed event wth low consequences to the MOI and IW, and an 
antzczpated event wth moderate consequences to the CW The nsk classes for the MOI and IW 
are h s k  ClassIII, whch is considered to be acceptable The nsk class for the CW is k s k  
Class I 

Portions-of the waste storage areas for the Budding 991 Complex have filtered exhaust 
ventilation Specifically, the north waste storage areas and the Budding 996 waste storage area 
are ventilated The south waste storage areas {excluding Room 166). while not dwectlv 
sumorted bv a filtered exhaust ventilation system. have sufficient negative differential Dressure 
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wth respect to atmosphere under cert2un confimbons to credit the filtration provided by the 
north waste storage area ventilation svstem The north and most south waste storage areas have 
the potenbal to exhaust through a single stage of HEPA filtration Buildmg996 and 
Building 998 are potenbally exhausted through two stages of HEPA filtration ( z  e ,  Buildmg 996 
through two stages m Budding 985 and Buildlng 998 through a smgle, Budding 998 dedicated 
stage and a smgle stage m the Building 991 filter plenum) but spills are not expected ln these 
areas since there is no stackmg above two hers Creditmg a sinde tested stage filter efficiency of 
0 999 would reduce the nsk class for the CW by piv&evels (CW low consequence of 3 1E-3 rem 
wth correspondmg &sk Class 1111 

In order to credit the filtered exhaust ventdabon system for mibpation of the waste 
container will. an accer>table facilitv confimbon must be defined The Building 991 exhaust 
ventilabon svstem can S U D D O ~ ~  mibgation of accident scenanos in all mtenor container 
storage/staging areas except for Room 166 An o-r>eratrons restncbon to Ennit onlv POCs to be 
stored in Room 166 is unmsed to reduce concerns dealmg with extenor natural gas lmes located 
outside of Room 166 This same control shall be used to nepate concerns about a lack of a 
ventilation system suDDofing Room 166 for the mibgabon of a waste Contamer sDil1 Since Pots 
are not vulnerable to spills h m  heights less than 30 feet 

As stated above. the Buildinp 991 filtered exhaust ventilation svstem S U D D O ~  all other 
areas The north waste storage areas are dlrectlv supmrted by th~s system Bmldmn 996 and 
Comdor B are normally supmrted by the Buildmi 985 filtered exhaust ventdabon system. but 
the Building 991 system can cover these areas if the BuilQng 985 system is not bemg used 
However, if the BuilQnp 985 exhaust venblation system is used to S U D D O ~ ~  Dersonnel access to 
the tunnel and vault areas, a stage of tested HEPA filtration in BuildznP 985 is m-wred The 
tested stage is used to mitigate spills m the Buildmg 996 waste contamer storage areas and to 
mitigate some s~ i l l s  in the Budding 991 contamer storage/stagmg areas ( z  e .  some areas of 
Buildinp 991 are ventilated by Bullding 985 due to ComDetibve sucbon between the two 
ventilation systems) for spills occurnn~ whle the Buildmg 985 svstem is omrating 

The south waste contamer storage areas. other than Room 166. are sumorted bv the 
Building 991 filtered exhaust ventilation mstem under certam facility confimbons The 
facilitv confipuration controls considered to be acceDtable for providing an d o w  connecbon 
from the south areas to the north areas of Building 991 are presented in the discussion under nsk 
dominant Faczlitv Fzre Scenario I - I MW TRU Waste Drum Facrlrtv Fzre 

If the Room 170 dock doors are open. an a d o w  through the dock doors into Room 170 
may exist but no credit is taken for exhaust filtration in Room 170 whde the doors are open 
That is. accident scenanos in Room 147 and 170 occunrng when Room 1 70 dock doors are own 
are unmitigated In order to ensure that spills in Room 170 are mitwated. a control to restnct 
operations in Rooms 147 and 170 when the dock doors are oDen is required However. the dock 
doors must be oDen dunng receivinp and shipping ODerations in Room 170 

Receipt and shiDment operations in Room 170 are defined as follows 
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Movement of waste containers from a transport vehicle at the dock to a staging area 
in Room 170 
Movement of waste contamers from a staging area in Room 170 to a trans-port vehcle 
at the dock 
Movement of SNM TvDe B shipping contamers from a transport vehicle at the dock 
to a vault staginrr location in the north area of the facility 

Movement of SNM TvDe B ShiDDing; contamers from a vault stanmg location in the 
north area of the facilitv to a transport vehcle at the dock 

All other contruner movement wthin Room 170 or frodto Room 170 are not considered to be 
part of receipt and shmment orxrations 

A control to restrict all operations. other than recewt and ShiDment. in Rooms 147 and 
170 when dock doors are oDen along; wth a control to restrict waste container stacking above a 
second tier durinp receipt and shipment are imposed to reduce the likelhood of mill scenanos 
in the area whle the dock doors are own Since all waste contamers ~er rm tted m the facilitv are 
aualified to survlve falls of four feet or less ( T v ~ e  B shuming contamers and POCs are aualified 
to 30 feet). restrrcting staclun? above a second tier ensures that contamers are not lifted above 
four feet Therefore. it is Dostdated that container sDil1 scenanos occurring duma the conduct of 
receiving or s h p ~ i n ~  oDerahons are precluded If the orxrat~ons restrictions are I ~ D O ~ .  all 
facility contruner operations-mduced ~~111s  can be analyzed creditmg a stage of HEPA filtration 

Another conservafism deals wth the event llkellhood Failure of the metal waste 
containers resultmg m a release of radioactive matenal could be argued to be an unlzkely event 
Even though there have been mcidents where contamers were dropped or fell in the past, the 
majonty of past events have been of relatwely low energy, typically resultmg m the denting of 
contamers wth no loss of contamment If th~s scenano conservabsm were removed, the nsk 
class for the C W  would be reduced by one level but the nsk classes for the MOI and IW would 
remam the same 

In summary, crediting the Buildinp 991 filtered exhaust ventilation svstem and facilitv 
confiPurution controls would yield h s k  Class I11 results for the C W  

Puncture Scenario 1 - LLW. TRU, POC, and TvDe B Container Punctures (Case B) 

A radioactive matenal spill is postulated to occur as a result of puncturing a TRU waste 
contamer The puncture of the contamer may occur as a result of the contamer bemg impacted 
and punctured by matenal handling equipment whle loadmg, unloadmg, and/or transfemng the 
container from its receipthhpment area to its storagektagmg area The puncture may occur in 
all storagehging areas in the building as well as the dock areas dunng receipt/shpment 
operations The forklift error results in a puncture, by the forklift tines, of two adjacent 
waste drums located on a pallet A fraction of the contents of the punctured waste contamers are 
postulated to “flow” through the breach onto the groundfloor 

I 
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The postulated puncture of two TRU drums (Case B) on a pallet in the Buildmg 991 
Complex is considered to be an unlikely event with low consequences to the MOI and IW, and 
moderate consequences to the CW The nsk classes for the MOI and IW are h s k  Class 111, 
whch is considered to be acceptable The nsk class for the CW is fisk Class I1 

Acceptability of the nsk class results for the CW in CaseB, In D~IZ, is based on the 1 
conservabsm of the analysis ( I  e , modeling input assumpbons, defense-in-depth -protecbve 
features not specifically crdted)  In the analysis of Case B it was assumed that a forklift would 
penetrate two TRU dnuns on a pallet dunng the event The scenano also apphed a conservahve 
DR of 10% If-it is assumed that the forklift would only penetrate one TRU drum dunng the 
event, the CW consequence would be reduced by half (3 1 rem) and the scenario nsk class would 
remam h s k  Class I11 

Porhons-of the waste storage areas for the Bwldmg 991 Complex have filtered exhaust 
ventilabon Specifically, the north waste storage areas and the Bddmg 996 waste storage area 
are ventdated The south waste storage areas [excludina Room 166). whle not dlrectlv 
suDDorted by a filtered exhaust ventdation system. have sufficient neeatwe diffkrentml Dressure 
wth respect to atmosDhere under certmn configurahons to credit the filtration Drovlded bv the 
north waste storage area ventdabon system The north and most south waste storage arm have 
the potentd to exhaust through a smgle stage of HEPA filtrabon Bddmg996 and 
Buldmg 998 are potentdly exhausted through two stages of HEPA filtraQon (i  e , Buldmg 996 
through two stages UI Building 985 and Bmldlng 998 h u g h  a smgle, Bmldmg 998 ddcated 
stage and a smgle stage UI the Bmldmg 991 filter plenum) CnAting a s d e  tested stage filter 
efficiency of 0 999 would reduce the nsk class for the CW for Case B (CW low consequence of 
6 2E-3 rem wth corremnding fisk Class 111) 

In order to credit the filtered exhaust ventilabon system for mitxaban of the TRU waste 
drum puncture. an acceDtable facility configuration must be defined The discussion under the 
nsk dominant Facilitv Fire Scenario 1 - I A4W TRU Waste Drum Facilrtv Fire coveq the 
necessary controls to define an acceDtable facility confimbon for most situations However, 
TRU waste drum ~uncture events can occur when the Room 170 dock doors are oDen dunng 
receipt and slmment oDerabons (all other operations in Room 147 and 170 reauire that the dock 
doors be closed) While siemficant inflow of a r  through the dock doors is extxcted when the 
doors are open and trans~ort vehcles are parked agamst the dock. it is conservativelv assumed 
that the radioactive matenal releases from contamer r>uncture events at the dock. wth dock doors 
open. are not mitigated by HEPA filtration 

TRU waste drum exposures to forklift tines can occur dunnp. any contamer movement 
Container movements in areas other than Room 147 and 170 are mtigated bv the Buildutg 991 
filtered exhaust ventilation Fvstem Container movements in Rooms 147 and 170 while dock 
doors are closed are also mtigated by the system Contamer movements dmng receipt and 
shmment activities, when the dock doors are open, are assumed to not be rmtigated by the 
ventilation system Therefore, more than half of the container movements wll be mitigated 
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The nsk and conseauences of Puncture Scenano 1 (CaseB) wll be Dresented for two 
situations 1) Case B1 (unrmtiaated) represents punctures occurnng in Room 147 or 170 while 
dock doors are open. and 2)CaseB2 (mitipated) represents Dunctures occurnng at any other 
- time 

In summary, removal of analysis conservatism by assuming only one TRU drum is 
involved in the puncture event would contmue to yield h s k  Class11 results for the CW for 
Case B1 (unlzkely frequency, moderate consequences) No credit is taken in Case B1 for the 
expected d l o w  of alr whrle dock doors are open that would tend to mtinate the ~uncture 
scenano conseauences CreQting the BuifdznP 991 fiftered exhaust ventilation svstem and 
facifztv configuration controls would reduce the CW nsk to Rsk Class III for Case B2 (unlzKeZy 
frequency, low consequences) 

I Container Exdosion Scenario 1 - TRU Waste Box Container ExDlosion 

Hydrogen generabon in metal waste contamers is postulated to lead to an mternal 
hydrogen explosion m a TRU waste contamer The radioactwe decay of the TRU waste matenal 
mteracts wth  hydrogenous waste matenals and produces hydrogen and oxygen gases The gases 
are retamed in the metal waste contamer and allowed to accumulate to the point where a 
hydrogen explosion potentml exlsts Smce as little energy as is associated with a stahc charge 
can igmte flammable hydrogedoxygen muctures, stabc charges generated by contamer 
movements igmte the hydrogen Therefore, the container explosion can occur at any pomt in the 
handling of the contamer (z e ,  at the storage locatron, at the dock, and dunng transit) Smce the 
contamer loses its lid as part of the scenano, the matenal lmpacted by the event is no longer 
confined The scenano deals wth an overpressure event that is conservamely assumed to 
impact radioactwe matenal m the form of a powder 

The postulated TRU waste box contamer explosion m the Bmldmg991 Complex is 
considered to be an extremely unZzhZy event wth moderate consequences for the MOI, hzgh 
consequences for the CW, and moderate consequences for the IW The CW nsk class is Rsk 
Class I1 The nsk classes for the MOI and the IW are b s k  Class 111, whlch are considered to be 
acceptable 

Acceptability of the nsk class results for the CW, in  art, is based on the conservatrsm of I 
the analysis ( z  e ,  modelrng mput assumpbons, defense-m-depth protectwe features not 
specifically credited) -The rationale that the analysis of a waste box is a conservatism is as I 
follows (1) TRU waste boxes have not been the focus of hydrogen explosion issues at the Site, 
(2) it is not clear that a TRU waste box has the potenhal to be involved in an internal hydrogen 
explosion due to less radioactive matenal per umt volume, the type of wastes associated wth 
TRU waste boxes, and the sigmficantly larger head space area, and (3) there are far fewer TRU 
waste boxes than TRU waste drums, whch makes the scenano less likely to occur in a TRU 
waste box 

Also. there is conservatism in using the non-combustible contarmnated solid release I 
fraction values from the DOE Handbook These values are meant to be applied to ngid, 
non-yielding contaminated surfaces where the venting gases can act against the ngid surface 
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Wastes of this type (e g ,  contaminated metals) are less ldcely to generate hydrogen by radiolysis 
than combmble wastes (e g , contaminated paper, contammated plasbc) The wastes more 
likely to generate hydrogen would have a DOE Handbook ARF value of 0 001 and a RF value of 
1 0 If these values are used in combination wth 95" percentile x/Q values and a TRU waste 
drum mventory, the CW consequences reman high (31 rem) and the nsk class remams h s k  
Class I1 In h s  case the MOI consequences become low (0 023 rem) and the nsk class reduces 
- to Rsk Class E 

, 

I 
Port~ons of the waste storage areas for the Bmldmg 991 Complex have filtered exhaust 

venblation Specifically, the north waste storage areas and the Bmldmg 996 waste storage area 
are ventdated The south waste storage areas lexcludm: Room 166). whde not &ectly 
supmrted by a filtered exhaust ventilation svstem. have sufficient negatwe &fferential pressure 
with resDect to atmosphere undercemn confimbons to credit the filtration prowded by the 
north waste storage area ventdabon system The north and most south waste storage areas have 
the potential to exhaust through a smgle stage of HEPA filtrabon Budding996 and 
Bmldmg 998 are potentxilly exhausted through two stages of HEPA filtrabon ( I  e ,  Bmldmg 996 
through two stages 111 Buildmg 985 and Bmldmg 998 through a smgle, Bmldmg 998 dedicated 
stage and a smgle stage m the Bmldmg 991 filter plenum) Crdtmg a s m l e  tested stage filter 
efficiency of 0 999 would reduce the nsk class for the CW (CW &consequence of 0 3 5  rem 
with correspondmg fisk Class IV, note that the MOI nsk class would also be reduced from f isk 
Class III to Risk Class IV) 

In order to credit the filtered exhaust ventilabon system for mitraabon of the TRU waste 
contamer emlosion, an acceptable facility configurabon must be defined The discussion under 
the nsk dominant Facilitv Fire Scenario I - I MW TRU Waste Drum Facilitv Fire covers the 
necessary controls to define an acceptable facility confim bon for most situations However, 
TRU waste contamer explosion events can occur when the Room 170 dock doors are omn 
dunnp receipt and shmment o m t i o n s  (all other operafions in Room 147 and 170 reawe that 
the dock doors be closed) Whde simficant mflow of arr througlh the dock doors is exwcted 
when the doors are O D ~  and transport vehicles are Darked agmnst the dock. it is conservatively 
assumed that the radioactwe matenal releases from contamer exdosion events at the dock, w th  
dock doors own, are not mitwated by HEPA filtration 

TRU waste contamer exposures to stat~c charges can occur d u n g  any container 
movement Contamer movements in areas other than Room 147 and 170 are nutipated by the 
Buildinp 991 filtered exhaust ventrlation system Contamer movements in Rooms 147 and 1 70 
whle dock doors are closed are also mituzated by the system Contamer movements dunng 
receipt and shpment actmties. when the dock doors are open, are assumed to not be mitigated 
by the ventilation system Therefore, more than half of the container movements will be 
mitigated 

The nsk and consequences of Container Explosion Scenmo 1 will be presented for two 
situations 1) Case 1 (unmitigated) remesents contamer exdosions occUmnP in Room 147 or 
170 whde dock doors are open. and 2) Case 2 (mitigated) remesents contamer exDlosions 
OccUrnnP at any other time 
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In summary, removal of analysis conservabsm by using a TRU waste drum versus a 
TRU waste box and usine a more amroDnate ARF and RF' values would continue to yield 
h s k  Class I1 result for the CW No credit is taken in Case 1 for the expected inflow of air whde 
dock doors are oDen that would tend to mitigate the contamer exdosion scenano conseauences 
Crediting the Buildinp 991 filtered exhaust ventiIabon svstem and -facilitv con fipuration 
controls would reduce the MOI and CW nsk to k s k  Class IV for Case 2 (extremely unlikely 
freauencv, low conseauences) 

NPWEE Scenario 1 - DBE Event-Induced Sdll 

A DBE event is postulated to occur impactmg the POC and TRU waste storage areas m 
the Buddmg 991 Complex TRU waste contamers stored m Bmldmg 991 are considered to be 
suscepbble to earthquake unpacts Contamers that are mpacted may be breached by falllng 
debns (e g , overhead cranes, heatmg, venttlatmg, and 8u conlbonmg (HVAC) ducts, etc ) and 
other overhead eqmpment that is not seisrmcally rated The buddmg structure and roof is 
expected to remam mtact m a DBE event and stacked waste contamers are not expected to topple 
in a DBE event The exposed upper tier of waste contamers IS assumed to be suscephble to 
impact from the fallmg debns The breached contamers fiom the fdllng debns do not spill the 
contamer contents from the breach since the breach is at the top or upper porhon of the contamer 

The postulated DBE scenmo is considered to be an unZzkeZy event wth  hzgh 
consequences for the CW, moderate consequences for the MOI, and moderate consequences for 
the 1W The MOI and the IW nsk class for the scenmo is Rrsk ClassII The CW has Rrsk 
Class I scenaflo results 

I 
Acceptability of the nsk class results for the CW and the MOI IS based on the 

conservafism that is assumed 111 the analysis If a melan x/Q value (approxunately an order of 
magmtude reducQon m atmosphenc dispersion) were used m the analysis, the CW Consequences 
would be moderate and the MOI consequences would be low Thm would yield a reducbon m 
the correspondmg nsk class for the CW and MOI Use of a more realisbc MAR (I e , a factor of 
2 reduchon m MAR) concurrent wlth a median xlQ value yields the same results 

The DBE scenano does not take any cre&t for deposibon and buldmg retenbon of 
radioactive matenal that is released dunng the event If the venblabon system is not functionmg, 
the ambient building leakpath factor is qualitatively judged to be less than 0 1 for an mtact 
facility In the DBE event the budding is assumed to remam intact Assuming an ambient 
building leakpath factor of 0 1 reduces the MOI consequences to low and the CW consequences 
to moderate Th~s reduces the nsk class to the MOI to h s k  Class I11 and to the CW to k s k  
Class I1 

The damage ratios used in the analysis and the drum loading of the facility that is 
assumed are both conservative However, an order of magnitude conservatism fiom each of 
these analysis assumptions is not likely The combined effect of the two assumptions could 
result in an order of magnitude conservatism that, if removed, would lower the nsk class for the 
MOI and for the CW 
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The immediate worker analysis IS insensitive to analysis assumpfions or credited controls 
due to the impact of the earthquake on the facility and the comspondmg moderate radiolonical 
consequences to the inmehate worker as a result of the falling debns incaDacttatinrr. the IW The 
level of earthquake that is postulated would have similar effects on workers in most other 
buildmgs, on or off the Site 

I 
In summary, removal of analysis conservabsm by usmg median weather and using a 

more realistic MAR (i.e., a factor of 2 reduction in MAR) would yield Rtsk Class 111 results for 
the MOI and ksk Class I1 results for the CW The nsk to the IW rem- as hsk Class I1 smce I 
an IW may be trapped by falling debns 

Summarv of Risk Dominant Accident Scenanos 

Once analysis conservabsm was removed, three of the dormnant accident scenano cases 
remamed hgh nsk scenarios for at least one receptor The puncture of one (onmnallv two) TRU 
waste contamers yelded a CW k s k  Class11 scenano (unlikely tkquency, moderate 
consequences), the-contamer explosion accident scenarro yielded a CW Rtsk Class I1 scenano 
(extremely unlzkely fiequency, hzgh consequences), &the DBE event-induced spill accident 
scenano yielded a CW Rtsk Class I1 scenano (unlzkely fiequency, moderate consequences) and 
IW fisk Class 11 scenano (unlzkely frequency, moderate consequences) followmg removal of 
some analysis conservabsm and crediting a single tested stage - of HEPA filtrabon rn many cases 

Consequences =be mbgated by HEPA filtrabon m many accident scemos as lone as 
the event occurs mide the facility m ventilated areas Given that most waste contamers are 
stored m directly venblated areas (I e .  north waste stomdstaping areas) or 111 mdlrectlv 
ventilated areas (I e , Rooms 134,135. 147, and 170), the reducbon m scemo consequences by 
HEPA filtrafion can be cnxhted for ~ o m e  of the scenmos m t h e  dormnant scenario-s would 
be at the dock when dock doors are open The credited HEPA filtraQon control is mcluded in the 
TSRs as a LmfinP Condbon for Operation (LCO) Msmg ths control to a fully credited 
feature changes the nsk class conclusions 

The nsk from accident scenanos that were not nsk dommant scenanos (I e ,  low nsk 
scenanos. fisk Class III or IV for all receptors) can be lowered, in manv cases. as a result of the 
crediting of a single tested stage of HEPA filtration for mitigation of nsk dominant accident 
scenanos Some other nsk reduction measures that may not be necessary from a nuclear safetv 
pemective, should be included, where possible Examdes include (1) use of flammable Pas 
cylinders w t h  cauaclbes or loaded to levels that are limited to a level necessary for the 
maintenance actwit, beinn performed and (2) preferential storage of POC containers rather than 
TRU waste containers in indirectly ventilated areas (I e , south waste container storage areas) 
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7. SAFETY ANALYSIS ASSUMPTIONS, FEATURES, AND REQUIREMENTS 

process presented 111 Secbon 5,  Acczdent Analysis, or evaluated 111 the domant  accident scenano 
discussion in Section 6. Rzsk Domznant Accident Scenarzos, are generally 111 the form o f  

Table 110 presents a summary listing o f  the general assumpbons made (coded by the 
letter “G”), the assumptions made (coded by the letter “A”), the protective features credited 
(coded by the letter “F”), and the requirements imwsed (coded by the letter “R) 111 the Safety 
Analysis These assumDtions. features, and reauirements were denved dunng the hazard 
evaluation and accident analysis of the BuildinP 991 Comdex and dung the nsk reduction 
evaluation of the domant  accident scenanos 

The scenanos to whch each assumption, feature, or requrement applies are listed m the 
table along wth the mpact o f  the assumption, feature, or reqwment Scenanos idenbfied 
dmng the hazard evaluabon process presented m Secbon 4 3 1 , Hazard Evaluation Process, are 
generally m the form of. 

I 

SCENARIO-NUMBER-ACTIVITY 

and are &splayed as left jWf ied  in Table 110 Scemos idenbfied d m g  the boundmg 
scenano selecbon process presented in SecQon 4 3 6, Boundzng Scenario Selectzon, are generally 
in the form o f  

B-SCENARIO-NUMBER 

The impact of  the assumption/feature/requirement on the Safety Analysis is presented in 
the last column This column also identifies any controls that were imposed based on the 
assumptionlfeature/requirement Controls identified (shown as bold rtalzcized in the column) 
were c m e d  forward into the FSAR TSRs 
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DOE-STD-3011-94, U S Department o f  Energy, Washmgton, DC, November, 1994 

Preparation Guide for US Department of Energy Non-reactor Nuclear Facility wety Analysts Reports, 
DOE-STD-3009-94, U S Department o f  Energy, Washmgton, DC, July, 1994 

scrfety Analysrs Report, Code of Federal Regulahons, 10 CFR830 110, U S  Department of Energy, 
Washmgton, DC, 1995 

Airborne Release FractrodRates and Respirable Fractions for Nonreactor Nuclear Facilities, 
DOE-HDBK-30 10-94, U S Department o f  Energy, Washmgton, D C, December 1994 

Salty Analysrs and Rtsk Assessment Handbook, RFP-5098, Revlsion 1 ,  Safety Andysls Group, Nuclear 
Engmeenng Department, Kaser-Hill, L L C , Golden, CO, November 25,1998 

Relrence Computations of Public Dose Cancer Rtsk from Airborne Releases of Uranium and Class W 
Plutonium, RFP-4965, V L Peterson, Rocky Flats Environmental Technology Site, Golden, CO, June 6, 
1995 

Final Sofetv Analysis Report for Building 906. The Centralued Waste Storage Facility, Safety Analysis 
Engmeenng, EG&G Rocky Flats, Inc , Golden, CO, August 1994 

Final Sa&ety Analysrs Report, 7501904 Pa&, Wasfe Storage Facilities, (draft - Revlsion B), Safety halysis 
Engmeenng, EG&G Rocky Flats, Inc , Golden, CO, November 1994 

Radiological Dose Template, Version 1 1, V L Peterson, Rocky Flats Envuonmental Technology Site, 
Golden, CO, September 1998 

List of Regulated Substances and Thresholh for Accidental Release Prevention, Code of  Federal 
Regulations, 40 CFR 355, Appendices A and B, U S Envuonmental Protection Agency, Washington, DC, 
revised June 30, 1993 

Process Safety Management (PSW of Highly Hazardous Chemicals, Code of Federal Regulations, 
29 CFR 1910 119, U S Occupational Safety and Health Admmistration, Washington DC, revised July 1, 
1994 

Rrsk Management Programs for Chemical Accidental Release Prevention, Code of  Federal Regulations, 
40 CFR 68, U S Envlronmental Protection Agency, Washmgton, DC, revised June 20,1996 
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List of Hazardous Substances and Reportable Quanttties, Code o f  Federal Regulations, 40 CFR 302, 
Table 302 4, Office o f  the Federal Register, June 1993 

Emergency Response Planning Gui&lines and Worblace Envtronmental Exposure Level Guides 
Handbook, American Industnal Hygiene Association, F&w, Vlrgmia, 1996 

Toxic Chemical Hazard Classrjication and Rlsk Acceptance Guidelines for use in DOE Facilities, 
WSRC-MS-92-206, Revision 2,  Westmghouse Savannah Rtver Company, Savannah kver  Site, Aken, SC, 
March 1995 

Transportation, Shtppers, General Requirements for Shpments and Packaging, Code o f  Federal 
Regulations, 49 CFR 173, Transportation, Washmgton DC, revlsed October 1,1997 

Transfer and Storage of Plutonium for Fire Sajety, I-W89-HSP-3 1 1 1, Revlsion 1, Rocky Flats 
Envlronmental Technology Site, Golden, CO, May 15,1997 

Americium Quantities Greater Than Analyzed in the FsARs, USQD-RFP-97 0510-TLF, Rocky Flats 
Envwonmental Technology Site, Golden, CO, May 29, 1997 

Toxicity Summary for Betylliurn, downloaded data from R.sk Assessment Informahon System, Prepared by 
Mary Lou Daugherty, Prepared for Oak kdge Reservabon Enwonmental Restorabon Program, Apnl 
1992 

Toxicity Summm for Asbestos, downloaded data from Rtsk Assessment Informafion System, Prepared by 
Rosmane A Faust, Prepared for Oak kdge Reservabon Enwonmental Restomon Program, August 
1995 

 TOXIC^^^ Summay for Polychlorinated Bvhenyls (PCBs), downloaded data h m  Ruk Assessment 
Information System, hepared by C B Bast, &pared for Oak bdge Reservahon Envwonmental 
Restoration Program 

Plutonium and Uranium Solutions Safe9 Stu& LA-UR-93-3282, Ames, R L ,  et a l ,  Los Almos 
Technology Ofice at Rocky Flats, October 1993 

Movement of Drums Containing Unvented Hydrogen Gas Within Building 371, USQD-371-95 0170-MDT, 
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Accumulated in Drum Space, USQD-RFP-95 01 %O-DSR, Kaiser-Hi11 Company, L L C , Golden, CO, 
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Evaluation of Residue Drum Storage Safety Risks, RO 93-002, Rev 1, Conner, W V , EG&G Rocky Flats 
Inc , Golden, CO, March 23, 1994 

Safety Anahsis of Hydrogen Generation in Drums Containing Plutonium Contaminated Materials, Safety 
Analysis Engmeemg Internal Report, Restrepo, L , Rockwell International, Inc , Rocky Flats Plant, 
Golden, COY June 8,  1988 

Building 3711374 BIO Support Calculation - Explosions, 96-SAE-025, Revision 0, Nuclear Engineermg, 
Rocky Flats Envlronmental Technology Site, Golden, CO, October 22, 1996 
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September 1996 

Final Fire Hazards Analysis Building 991 Complex, FHA-991-003, Revlsion 1, Rocky Flats 
Envuonmental Technology Site, Golden, CO, August 4,1998 

Computer output fiom the runnmg of FPETOOLV32 by Pete Lee @oE/RFFO), Rocky Flats 
Envmnmental Technology Site, Golden, CO, March 11  , 1997 

&It Stabiluation Program Transportation Rcsk, B A Voelz, NSTR-015-97, Nuclear Safety Technical 
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NSTR-001-97, Revision 2, Rocky Flats Envlronmental Technology Site, Golden, COY June 2,1998 
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Engmeenng Calculation, Rocky Flats Envuonmental Technology Site, Golden, COY Apnll998 

Bulletin 503, Limits of Flammability of Gases and Vapors, Bureau o f  Mmes, Washmgton, DC 

Building 371/3 74 BIO Support Calculation Explosions, Calculation Number 96-SAE-025, Rocky Flats 
Envronmental Technology Site, Golden, CO, October 1996 

Scale Modeling, and Full-Scale Tests of Low-Level Nuclear waste Drum Response to Accident 
Environments, Sandia Report SAND80-25 17 TTC-03 15, Hue- M , et a1 , Sandia Nabonal Laboratones, 
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SFPE Handbook of Fire Protection Engineering, Society o f  Flre Protecbon Engmeers, 2* edition, 
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Natural Phenomena Hazards Perlormame Categorization Criteria for Structures, Systems, and 
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The followng pages contain output from Microsoft Excel sDreadsheets and from the I 
RADIDOSE spreadsheet These spreadsheets provide the information necessary to reproduce the 
calculations used in thls document 

For the Microsoft Excel meadsheets two mntouts are Drovided The first page of the 
The second and follomg D ages (if spreadsheet Drovides the results of the calculations 

necessary) D rovide the formulas used in the calculation 

One page for each RADIDOSE pnntout is prowded Th~s page shows all of the mputs 
and displays the results of the calculabon The scenano descmbons are Drowded in a block of 
text on the pmtout The mformabodassumphons used m developmg the RADIDOSE 
spreadsheets IS provided below The first column i d e n ~ e s  the RADIDOSE input name and the 
second column prowdes mfonnabon on where the mput was denved from for each of the 
spreadsheets 

Meteorology (1 - 2) 

Breathmg Rate (1 - 3) 

Form of Matenal(1 - 1 1) 

for each o f  the RADIDOSE spreadsheets 
Default was to use “95’” Percentde” “Median” was used to show effects o f  
modehg conservatlsm’s I 

Use “Heavy Activity” as explamed m the Radiological RIsk semen o f  the 
NSTR 
Information concernmg the Form o f  Matenal mput IS provided m the text o f  
the NSTR for each o f  the RADIDOSE spreadsheets 

Matenal at ksk (g) 

Ambient Leakpath Factor (not 
HEPA) 
TNT Explosion Equivalent (g) 

Solubility Class (1 - 3) 

Information concernmg the Matend at ksk mput IS provided m the text of the 
NSTR for each of the RADIDOSE spreadsheets 
Set at “1 0” as discussed m Radiological Risk section of NSTR unless changed 
m mdividual accident analysis scenano discussion 
Use “0” m all scenarios 

I Use Solubibty C l a s p W  f ~ S p i l l ~ P u n ~ e  1, and Contaker Explosion 1 
scenanos Input for other accident scenanos may be either Solubility Class 
“W’ or “Y smce default Dose Conversion Factor will be ovemdden 

Damage Ratio I Information concernmg the Damage Rat10 mput IS provided m the text of the I NSTR for each of the MIDOSE spreadsheets 

Mass of Liquid, if Applicable (g) 
Plume Release Duration (mm) 

Least Distance to Site Boundary 

Alrborne Release Fraction 
(m) 

Use “0” m all scenanos 
Information concernmg the Plume Release Duratlon mput is provided m the 
text o f  the NSTR for each o f  the RADIDOSE spreadsheets 
Set per discussion provided m Radiological Rlsk section o f  NSTR 

Use default value unless changed 1~ accident analysis scenano discussion 
Resplrable Fraction 
Breathing Rate (m3/s/s) 

I Use default value unless changed m accident analysis scenano discussion 
I Use default value UI all scenanos 
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Dose Conversion Factor (redg) 
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September, 1999 

Use default value for Spill 1, Puncture 1, and Contamer Explosion 1 scenarios 
Use blended value of 3.33+7 for Facility Fm 1, Facility Fue 2, Spill 2, 
Facility Explosion 1 ,  NPWEE 1, and NPWEE 2 accident scenarios This 
blended value is based on the assumption that 20% of  the drums mvolved m 
the accident requue the use of Solubility Class ''W and 80% of the drums 
mvolved m the accident requlre the use of  Solubility Class "Y" 
[(4 35Ei-07 * 0 2) + (3 03E+07 * 0 8) = 3 3Ei-071 Use blended value of 
3 07E4-07 for Facility Fue 3 and Facility Frre 4 accident scenwos This 
blended value is based on the assumption that 3% of  the LLW contamers 
mvolved m an accident requm the use of Sohbility Class "W" and 97% of the 
LLW contamers mvolved m an accident requlred the use of  Solubility 
Class "Y" 
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Non-Criticality Accidents 

Non-Criticality Accidents 

I :  loE+oo I 
3 6EM 

4 35E407 
RESULTS 

HEPA Sta 
2 4E+01 18E-01 

one 2 4 E M  1 8 E W  
TWU 4 SE4S 3 6E-07 
rn- 9 Eo8 72E10 

Rerpirsble InRial Sourea Term (0)  = 1 57E-01 FOU 2 OE-10 14E 12 
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Non-Cri tical ity Accidents 

v- 12 

OM 4 E44 3wQo 
TWO 0 E 0 7  7 2E.09 

Tine 2.OEo9 1 4E-11 
~ W S a m a T m n ( 0 ) =  31SE43 FOW 3 E-12 29E-14 

Non-Critical ity Accidents 

Ambient Le- F.ctor (Not HEPA) =I 1 ooE*Oo One 2 4E02 1 BE44 
TWO 4 E05 3 SE07 
rn- 9 6E-08 7 1E-10 

Respirable lnltlal Swros Tam (0) = 1 SSE-Ol FWr 1 x 1 0  14E-12 

IULTS 
rlnkrof I PlunWDoH. 

mn) MOI(nn) 
I zero I 24€+01 18E-01 
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Non-Criticality Accidents 

I I Thrr 2 OEOg 1 SE-11 
~ h w u l ~ T m ( g ) =  318E43 FOU 4 E-12 2 E-14 

Non-Criticality Accidents 

Rasp~rabb lnnial S 

1 EIOO 
3 6E-04 38E.a 

10E*OO I 
9 94E-03 
7 30E-05 

I 3 6E07 TWO I 49E-05 
1 OOEIOO one 2 4E-02 

I mree 9 8EM) 72E 10 
um Term (9) = 1 57E-01 Four 2oE 10 1 4E-12 
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Non-Criticality Accidents 

I lhlua 1 4E07 1 E49 
~ h k . l S o ~ r c e T a m ( o ) =  3 W E O l  FOU 2.E-10 21E-12 

Non-Criticality Accidents 

2 
2 
3 
1 
2 

1oM) 
I2OE*03 
1 ooE+oo 

10 

I I 
O n h S d M  
I 

SUM OOOO - 

II lOE*Oo 3 6EM I 

I Three 2 BE07 2 1E-09 
Respwable lnltlsl Soms Term (9) = 6 mE01 F W  57E10 42E 12 
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Non-Criticality Accidents 

Non-Cr I t I cal ity Accidents I 

II I I 

3 6E04 
4 35EIO7 
1 50EIO2 

1 246 
2 8l3E-O.l 
8 1 9 E G  

7 WE03 
5 86E-05 

I Y  3 6 E a  I 
N 3.01~*07 3 0 7 ~ ~ 7  I 

RESULTS 

Number of Plume Doses 
HEPA Sta0.r CW(nm) MOl(nm) 

Zero I 24E41 6 8E43 
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Non-Cr itical ity Accidents 

s d u M t y y h ( 1 - 3 )  = 2 W 
DmmgER.bo= o m  

M.twlBIRiak(g)= I)ooE+o2 SUM OOOO 

Non-Critical ity Accidents 

N 
Effeci~vo MAR lndudmg DR (g) = 2 WE* RESULTS 

Plumei2qma~mF.dor= l oo0  Nu-r of #UnW Doa... 
Collocated WaksrXlQ (arm') = 9 HEPA .%gm CW(nm) M O l ( m )  

Pubkcfl (dm3 = 7 30EG ZecO 2 4EMJ1 17E41 
Ambient Leakpath Fador (Not HEPA) = I W E 4 0  OM) 2 4 E M  1 7 E M  

TWO 4 E-05 3 5E47 

I Three 9 4E-08 6 SE-10 
Respirable InNal Source Term (0)  = 2 WE41 FOW 1 SE 10 14E 12 
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Non-Crittcalrty Accidents 

I Ambant Ldrplh  Factor (Not HEPA) =I 1 OOEIOO 

Resptrnbb lnltial Source T a n  (0) = 4 WE42 

I t  

One 6 2E43 4 6E45 
TWO 1 2E05 9 lE-08 

Thrw 2 5E08 1 8E-10 
Four 5oE 11 3 7E-13 

I I 

I i 

I Non-Criticality Accidents I 

I I 

II 
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Non-Critical ity Accidents 

I &:“Y 36EM I 

om 27E43 2OEo5 
TWO 5 5E-m 4 OEW 

mlw 1 lE40  6 E - 1  1 
R.rpinbkWb.lSowaTum(g)= 1TIE42 FOU 2 2E-11 1 6E-13 

Non-Crit ical ity Accidents 

SUM OOOO 

RESULTS 
Numb.rof I 

- * - .  , _ _  
Amken1 Leakpath Fador (No1 HEPA) =I 1 WEIOO One 3 9E41 2 Eo3 

TWO 7 8E44 5 7E08 
??uw 1 6E-06 11E.08 

Respirable lnlial Sovce Term (g) = 3 60Em FOU 3 1E-09 23E 11 
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I N o  n-Cr I t I cal I ty Accidents 

Non-Crr trcalrty Accidents 

I 
I I 

I rnw 9 4E08 69E 10 
hsplrable lnltial Swne Term (0)  = 2 WE41 Fow 19E 10 14E-12 
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Non-Critical ity Accidents I 

I Ambent Leakpath FIdor (Not HEPAj =I 1 WE+OO 

RMprsbb lnNal Source Term (g) = 2 ME+OO 

I I 

one 2 4E41 1 7E43 
TWO 4 BE44 3 5Eo6 

mma 9 5E-07 7 Eo9 
FOU 1 E-09 1 4 E l l  

I 1#41 I 

I Non-Criticality Accidents 

II I 

I I  
I I  I Y  10E-01 I 

I Y  3BE44 I 
RESULTS 

HEPA Strg.r 
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Non-Critical ity Accidents 

Dofaun Prnnloton 

Ak-buneRehauFndMn= 5OE.04 
RespmmbbFRdm= 10Em 

3 6E.04 
4 35E+07 
I 2oE+01 

1 000 
1 26E-03 

1 OM400 

Brsathw Rate (m'l.) = 
Dore Comwon Factor (rmlg-mix) = 

EffecWo MAR, lndudq DR (0) = 
Plume Expmscon Factor = 

Colkated Hlakrrx~II  (rh3 = 

Ambent Leakpath Factor (Not HEPA) = 
PubLcfl (s/m? = 7 S E 4 6  

Rerplrable lndlsl S- Term (0) = 6 00E-03 

I Mnrul(l.e)=I 2 lADedvbGPu I I I 

VwOn 12 

Chulgeopuons 
AmptD.MI? N w V ~  V.IueUrd 

Y 5 oE.04 
Y 1 OEM0 
Y 3 6 E M  

3 07E*07 3 07E107 N 
RESULTS 

Nu-r of Plum Doses 
HEPAS1.0.. CW (rem) MOI (rem) 

zero 8 4E-02 5 M.04 
One 8 4E-05 5 oE-07 
TWO 1 7E-07 1 OE.09 
Thnnr 33E 10 2 OE-12 
Four 6 7E 13 4 OE-15 

2 
3 1 FLzI 

I I Y  1OE-01 I 
I v  38E.04 I 

orw 3 OEOZ 2 2E-04 
TWO 6 OEOS 4 4E-07 
Thm 12E-07 8 BE40 

Rwpimbb w1w Soum Tom (0) = 255E-01 F W  2 4E-10 1 BE42 

Non-Criticality Accidents 

I I 
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Non-Cr i t ical ty Accidents 

I a*unpuu 

I I 
2 ) w  I I I 

- _- 

l o  ' 

*] 

Non-Critical ity Accidents 

I I 

I :  
307E107 307E107 

RESULTS 

16E-01 12E03 

I 2 4E40 
I Ambient Leakpath Factor (kt HEPA) =I 1 OoE*oo om, 1 6E04 

TWO I 33E-07 

I Three 6 6E-10 4 8E-12 
Respirable h8a1 Swros Term (e) = 1 5OE-03 FOU 1% 12 9 7E-15 
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Non-Cr it icality Accidents 

Non-Cr it ical ity Accidents 

I I 

I 23E-05 I One 3 1E43 
TWO I 62E-06 4 6E-08 I I Amksnt Leakpath Factor (Not HEPA) =I 1 00EMIO 

I mm 1 2E-08 9 1E-11 
Resptrable lnltial Soma Tern, (9) = 2 WE42 FWr 25E 11 18E 13 
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Non-Criticality Accidents 

7 2E-11 
24E-11 1 4E-13 
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